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PREFACE 

This document presents the results of an engineering Feasibi l i ty Study 

conducted in accordance with the Final Work Plan prepared Dy Dames & Moore and 

Bovay Northwest Inc. for the Washington State Department of  Ecology 07927-004-

005 dated March 19, 1987. 

The Feasibi l i ty Study was conducted by Bovay Northwest Inc. under a 

subcontract to Dames & Moore. The study process was conducted in accordance 

with "Guidance on Feasibi l i ty Studies under CERCLA", Environmental  Protect ion 

Agency, June, 1985. Further guidance in the reoort  format and preparat ion 

process was also provided by the Department of  Ecology and Dames & Moore. The 

Remedial  Invest igat ion by Dames & Moore, as def ined in the National 

Contingency Plan for cleanup of hazardous substance si tes, was used as the 

data source for preparing the Feasibi l i ty Study. 

This report  is not a design report .  Instead, i t  presents a conceptual 

overview of al ternat ives, describing them in suff ic ient detai l  to al low a 

comparison and a select ion of prel iminary al ternat ives. These al ternat ives 

were screened and evaluated in detai l  to provide the basis for review of the 

f inal  candidate al ternat ives. This prel iminary report  consists of two 

volumes. Volume I  contains seven sect ions report ing upon the results of the 

Feasibi l i ty Study. Volume I I  contains appendices as noted in the table of 
contents. 
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EXECUTIVE SUMMARY 

The fol lowing paragraphs summarize the major technical elements, f indings and 

recommendations of  the Feasibi l i ty Study (FS) for the Front ier Hard Chrome 

(FHC) Nat ional Pr ior i ty Listed (NPL) contaminat ion s i te.  

Study Object ives and Approach 

The intent of this FS is to develop recommendations for remediat ing ident i f ied 

ai te contaminat ion that wi l l  meet desired levels of publ ic health and 

environmental  protect ion. These recommendations should, to the extent 

feasible, meet the goals and guidel ines of the Comprehensive Environmental  

Response, Compensat ion and Liabi l i ty Act (CERCLA), as amended by the Superfund 

Amendments and Reauthorizat ion Act (SARA). The project team has attempted to 

remain consistent with appl icable SARA requirements in the conduct of  the FS, 

whi le pr imari ly fol lowing the pre-SARA EPA guidance manual on FS preparat ion, 

ent i t led "Guidance on Feasibi l i ty Studies under CERCLA", '  publ ished by EPA in 

June 1985. Support in interpret ing SARA requirements and object ives has been 

provided by both the Washington Department of  Ecology (WDOE) and Region X of  

the EPA. Candidate remedial  al ternat ives have been screened to select those 

that appear to be feasible at the FHC s i te.  Feasible al ternat ives are then 

further evaluated to assess their  consistency with SARA and CERCLA goals,  the 

level of  publ ic health and environmental  protect ion each al ternat ive is l ikely 

to achieve at the FHC s i te,  and f inal ly the cost of  the alernat ive appl ied. 

This process began with a review of s i te data col lected and interpreted in the 

Remedial  Invest igat ion (RI).  A broad spectrum of potent ial  technologies was 

then reviewed in l ight of this information to select those that seemed 

appl icable to the FHC s i te.  These technologies were then developed into a 

l ist  of remedial  act ion al ternat ives which incorporated specif ic technologies 

which would address the on-si te contaminants and associated publ ic health and 

environmental  r isks. Each al ternat ive was developed in conjunct ion with an 



Endangerment Assessment (EA) which addressed l ikely exist ing and lonaer-

publ ic health and environmental  r isks associated with known and projected 

condit ions. 

term 

si te 

Costs of  the various remedial  al ternat ives were then developed in a 

prel iminary fashion. From this assessment,  seven remedial  al ternat ives were 

selected for a detai led assessment including addit ional cost and 

pr ior i t izat ion under s i te cleanup object ives. From these seven al ternat ives, 

two specif ic al ternat ives have been recommended. The two recommended 

al ternat ives are both considered feasible at the FHC s i te,  and each 

al ternat ive meets the remedial  object ives presented in the FS. 

There is no quest ion the higher cost al ternat ive results in a lower long-term 

r isk to the environment and potent ial ly to publ ic heath, however, i t  is 

quest ionable whether the addit ional costs are just i f ied by the incremental  

r isk reduct ion. This is a pol icy quest ion, appropriately answered by state 

and federal  agencies with input from the affected publ ic.  

The recognized si te contaminants, the results of the Endangerment Assessment,  

the seven candidate remedial  al ternat ives, and the two f inal  recommended 

remedial  al ternat ives are summarized below. 

Nature and Extent of  Si te Contaminat ion 

been determined that the pr imary 

FHC operat ion is chromium. Chromium 

soi ls and the groundwater underlying 

migrat ing in a plume which extends 

lead and cyanide contaminat ion was 

:ases, however, remediat ion of s i te 

the areas of minor nickel,  lead and 

Based on the results of the RI,  i t  has 

contaminant of  concern result ing from the 

contaminat ion has been found in both s i te 

the s i te.  Chromium in the groundwater is 

towards the Columbia River.  Some nickel,  

also ident i f ied in si te soi ls.  In al l  c 

soi l  chromium contaminat ion wi l l  include 

cyanide contaminat ion. 



Minor contaminat ion of soi l  by organic compounds was ident i f ied only in the 

shal low soi ls underlying the exist ing FHC bui lding. Groundwater contaminat ion 

by organic compounds was found to exist  in the s i te area. Contaminants 

included tetrachloroethylene (PCE), t r ichloroethyl  ene (TCE), and 1-1-1-

tr ichloroethane (TCA). These contaminants appear to be migrat ing onto the 

s i te from an of f-s i te source to the north of the FHC dry wel l .  

The RI also indicated that groundwater in the si te area f lows within an 

aquifer with two di f ferent transmissive zones separated by a low 

transmissivi ty zone. The upper zone, Level A, is highly contaminated. The 

lower zone, Level B, is contaminated to a lesser extent,  yet exceeds specif ied 

EPA Maximum Contaminant Levels (MCLs) for chromium over a broad area. 

RI results included l imited test ing of the desorpt ion character ist ics of 

chromium in si te soi ls.  In addit ion, EP toxici ty test ing of s i te soi ls was 

conducted. These data along with analysis of  regional soi l  and groundwater 

data conducted during the FS, were used to establ ish a recommended total  

chromium soi l  act ion level (cleanup level)  of  550 ug/g. At concentrat ions 

greater than 550 ug/g total  chromium, i t  is considered very l ikely that 

signif icant t r ivalent chromium wi l l  oxidize to hexavalent chromium and readi ly 

enter s i te groundwater.  Pi lot  and f ie ld studies during design of remedial  

act ion al ternat ives should be conducted to better def ine this conversion rate. 

Endanoerment Assessment fFA1 

An EA was conducted to predict  l ikely publ ic health and environmental  r isks 

result ing from FHC s i te contaminat ion. The EA considered the complete l ist  of 

ident i f ied si te inorganic and organic contaminants, so that any compounding 

r isks from contaminants at low concentrat ions coula be addressed. Results are 

considered much more meaningful  for the inorganic components, due to a more 

complete data base. Less is known about organic contaminants in si te 

groundwater,  which seem to or iginate from an of f-s i te source. The substances 

addressed in the EA include three inorganics, chromium, nickel and lead; and 



three organics, tetrachloroethylene (PCE), t r ichloroethylene (TCE), and 1,1,1-

t r ichloroethane (TCA). 

Groundwater and air  contaminant t ransport  models were developed and 

uncertainty analyses were performed to predict  exposures to contaminated 

groundwater and fugi t ive dust at  selected receptors. 

Groundwater monitor ing results and contaminant t ransport  model predict ions for 

hexavalent chromium, PCE, TCE and TCA levels indicate endangerment to publ ic 

health should dr inking water sources be developed in the area of the exist ing 

and predicted chromium plume to the south of the FHC s i te.  Potent ial  

endangerment in this area was evidenced by high predicted probabi l i t ies of 

exceeding dr inking water standards for hexavalent chromium and TCA, and by 

predicted 95th percent i le excess cancer r isks for TCE and PCE as high as one 

per thousand. However, predicted groundwater concentrat ions enter ing the 

Columbia River over the next 70 years showed extremely low probabi l i t ies of 

v iolat ing dr inking water or aquat ic standards for hexavalent chromium and TCA, 

and negl igible excess cancer r isks for PCE and TCE. Exist ing potable water 

sources in current use in the area do not,  and are not expected over the 70 

year evaluat ion period, to exceed dr inking water standards. Organic source 

data are very l imited at this t ime, and therefore addit ional data are required 

to better est imate the future behavior of  organic groundwater contaminants in 

the vic ini ty of the s i te.  

Air  qual i ty model ing results predict  a low probabi l i ty of exceeding long-term 

human health exposure standards for ei ther chromium or lead over the long term 

on the FHC s i te.  The model predicted that most of  the airborne transport  is 

caused by vehicular movement on the s i te.  Insuff ic ient data were avai lable, 

however, to evaluate short- term f luctuat ions in concentrat ions. The data base 

was l ikewise insuff ic ient to al low a comprehensive assessment of  airborne or 

incidental  ingest ion exposures to individuals ( i .e.  chi ldren) that might 

access the si te on a regular basis.  



Selected Potent ial  Remedial  Al ternate vp< 

ihe fol lowing seven potent ial  remedial  al ternat ives were assessed in detai l :  

SO Al ternat ive (Present Worth Cost:  $630,000) 

In this al ternat ive contaminated surface soi l  exceeding 550 ug/g chromium to 

an approximate depth of 1-1/2 feet is removed and disposed in an of f-s i te RCRA 

disposal faci l i ty.  This act ion mit igates the potent ial  airborne as wel l  as 

the surface soi l  problem. The on-si te structure wi l l  be cleaned and sealed to 

prevent human exposure during cont inued use of the structure, and to el iminate 

any water movement through the f loor.  A long-term monitor ing program wi l l  

provide regulatory monitor ing data. Inst i tut ional controls would be 

implemented to restr ict  access to subsurface soi ls and groundwater and to 

l imit  future land use. The of f-s i te disposal required in this al ternat ive is 

not consistent with SARA goals.  

SS Al ternat ive (Present Worth Cost:  $2,000,000) 

In this al ternat ive, contaminated surface soi l  exceeding 550 ug/g chromium is 

stabi l ized on s i te,  after the exist ing on-si te structures are removed and 

disposed in accordance with appl icable state and federal  regulat ions. This 

act ion mit igates potent ial  airborne and surface soi l  concerns. Subsurface 

soi ls exceeding 550 ug/g chromium are also excavated and treated with a 

stabi l izat ion mater ial ,  then reintroduced into the excavat ion. A long-term 

groundwater monitor ing program is inst i tuted to determine any changes in 

groundwater contaminant levels with t ime. No treatment of  groundwater occurs 

in ei ther Level A or Level B aquifer zones. This al ternat ive rel ies on 

chromium source removal to 550 ug/g and long-term natural  f lushing of the 

Level A and Level B aquifers to eventual ly achieve the MCL. The treatment of  

contaminated soi ls as opposed to disposal is preferred under SARA. 

Inst i tut ional controls wi l l  be required to restr ict  access to groundwater 

within the contaminated plume. 
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Alternat ive RD 1 (Present Worth cost:  $15,800,000) 

In this al ternat ive contaminated surface soi l  exceeding 550 ug/g chromium is 

removed and disposed in an on-si te regulated landf i l l  (WAC 173-304) or of-si te 

in a RCRA landf i l l  consistent with WAC 173-303 requirements. I t  was assumed 

for this Feasibi l i ty Study that 50 percent wi l l  be disposed of on-si te and 50 

percent in an of f-s i te RCRA faci l i ty.  This act ion mit igates potent ial  

airborne and surface soi l  concerns. The contaminated subsurface soi ls are 

excavated and disposed in a manner s imi lar to the surface soi l .  Groundwater 

down to .05 mg/1 chromium is pumped from the Level A aquifer and treated to 

remove the chromium contaminants. The structure on the si te wi l l  be 

completely removed, including underlying soi l  which exceeds 550 ug/g chromium. 

New clean soi ls wi l l  be brought to the si te to f i l l  the excavat ion. The 

t reated water is reinjected into the Level B aquifer zone. Periodic sampling 

and test ing of the pumped groundwater at  the treatment faci l i ty and periodic 

sampling of the monitor ing wel ls wi l l  provide regulatory monitor ing data. 

Land disposal required by this al ternat ive is inconsistent with SARA goals,  

and Level B groundwater does not meet the MCL pr ior to long term f lushing. 

Inst i tut ional controls wi l l  be required to prohibi t  instal lat ion of 

groundwater wel ls in the contaminated port ion of the Level A aquifer during 

the groundwater extract ion period (15 years).  Also long term inst i tut ional 

controls wi l l  be required to prohibi t  instal lat ion of groundwater wel ls in the 

contaminated port ion of the Level B aquifer whi le natural  f lushing occurs. 

Al ternat ive RD 2 (Present Worth Cost:  $15,900,000) 

In this al ternat ive contaminated surface soi l  exceeding 550 ug/g chromium is 

removed and disposed in an on-si te regulated landf i l l  (WAC 173-304) or of f-

s i te in a RCRA landf i l l  consistent with WAC 173-303 requirement.  I t  was 

assumed for this Feasibi l i ty Study that 50 percent wi l l  be disposed of on-si te 

and 50 percent in an of f-s i te RCRA faci l i ty.  This act ion mit igates airborne 

and surface soi l  concerns. The contaminated subsurface soi ls are excavated 

and disposed in a manner s imi lar to the surface soi l .  Groundwater down to .05 



mg/1 chromium is pumped from the Level A aquifer and t reated to remove the 

chromium contaminants. The structure on the si te wi l l  be completely removed, 

including underlying soi l  which exceeds 550 ug/g chromium. New clean soi ls 

v i l l  be brought to the si te to f i l l  the excavat ion. The treated water wi l l  be 

discharged off-s i te into the Columbia River.  Periodic sampling and test ing of 

the pumped groundwater at  the treatment faci l i ty and periodic sampling of the 

monitor ing wel ls wi l l  provide regulatory monitor ing data. Land disposal 

required by this al ternat ive is inconsistent with SARA goals,  and Level B 

groundwater does not meet the MCL pr ior to long-term natural  f lushing. 

Inst i tut ional controls wi l l  be required to prohibi t  instal lat ion of 

groundwater wel ls in the contaminated port ion of the Level A aquifer during 

the groundwater extract ion period (15 years).  Also long term inst i tut ional 

controls wi l l  be required to prohibi t  instal lat ion of groundwater wel ls in the 

contaminated port ion of the Level B aquifer whi le natural  f lushing occurs. 

Al ternat ive RT 1 (Present Worth Cost:  $19,980,000),  RT 1A (Present Worth 
Cost:  $15,200,000) 

In this al ternat ive the contaminated surface soi l  exceeding 550 ug/g chromium 

is treated to stabi l ize or remove the chromium contaminant.  This act ion 

mit igates potent ial  airborne and surface soi l  concerns. Contaminated 

subsurface soi ls are also treated by the same methods as the surface soi ls.  

Groundwater down to .05 mg/1 chromium is pumped from the Level A aquifer zone 

and treated to remove the chromium contaminants. The structure on the si te 

wi l l  be completely removed including contaminated underlying soi l  which 

exceeds 550 ug/g chromium. Treated soi ls are backf i l led on s i te,  then 

recompacted and graded. The treated water is reinjected into the Level B 

aquifer.  Periodic sampling and test ing of the pumped groundwater at  the 

treatment faci l i ty and periodic sampling of the monitor ing wel ls wi l l  provide 

regulatory monitor ing data. Treatment is a favored remedial  approach under 

SARA. Level B groundwater does not meet the MCL pr ior to long-term natural  

f lushing. Inst i tut ional controls wi l l  be required to prohibi t  instal lat ion of 

groundwater wel ls in the contaminated port ion of the Level A aquifer during 

the groundwater extract ion period (15 years).  Also long term inst i tut ional 



controls wi l l  be required to prohibi t  instal lat ion of groundwater wel ls in the 

contaminated port ion of the Level B aquifer whi le natural  f lushing occurs. 

Al ternat ive RT 2 (Present Worth Cost:  $20,200,000);  RT 2A (Present Worth 

Cost:  $15,200,000) 

In this al ternat ive the contaminated surface soi l  exceeding 550 ug/g chromium 

is treated to stabi l ize or remove the chromium contaminant.  This act ion 

mit igates potent ial  airborne and surface soi l  concerns. Contaminated 

subsurface soi ls are also treated by the same methods as the surface soi ls.  

Groundwater down to .05 mg/1 chromium is pumped from the Level A aquifer zone 

and treated to remove the chromium contaminants. The structure on the si te 

wi l l  be completely removed including contaminated underlying soi l .  Treated 

soi ls are backf i l led on s i te,  then graded and recompacted. The t reated water 

wi l l  be discharged off-s i te into the Columbia River.  Periodic sampling and 

test ing of the pumped groundwater at  the treatment faci l i ty and periodic 

sampling of the monitor ing wel ls wi l l  provide regulatory monitor ing data. 

Treatment is a favored remedial  approach under SARA. Level B groundwater does 

not meet the MCL pr ior to long-term natural  f lushing. Inst i tut ional controls 

wi l l  be required to prohibi t  instal lat ion of groundwater wel ls in the 

contaminated port ion of the Level A aquifer during the groundwater extract ion 

period (15 years).  Also long term inst i tut ional controls wi l l  be required to 

prohibi t  instal lat ion of groundwater wel ls in the contaminated port ion of the 

Level B aquifer whi le natural  f lushing occurs. 

No Act ion (Present Worth Cost:  $240,000) 

The No Act ion al ternat ive is not a category of technologies but rather the 

implementat ion of act iv i t ies to monitor the contaminat ion problem with no 

addit ional remediat ion measures. In the No Act ion al ternat ive, a long-term 

monitor ing program wi l l  be implemented to provide updated information on the 

migrat ion of contaminants. For groundwater,  both pr ivate and monitor ing wel ls 

wi l l  be sampled on a rout ine basis,  and the program modif ied as the plume 

changes. The monitor ing program wi l l  also address surface soi l ,  vegetat ion, 



and bui lding components as wel l  as a ir  qual i ty.  Rel iance wi l l  be placed on 

inst i tut ional controls to restr ict  land use and occupancy in addit ion to 

restr ict ion of wel l  instal lat ion within the contaminated groundwater plume. 

Al ternat ive water supply is avai lable to any current groundwater users through 

an exist ing publ ic water supply system. 

Recommended Remedial  Al ternat ives 

As a result  of  the work conducted in this study, two f inal  remedial  

al ternat ives are presented for considerat ion by publ ic agencies and the 

affected publ ic.  These two al ternat ives are the SS al ternat ive and the RT 1A 

al ternat ive. RT 1A provides a higher level of  publ ic health and environmental  

protect ion through the treatment of  Level A groundwater to the chromium MCL of  

.05 mg/1. The level A aquifer zone is the shal lowest aquifer zone and 

therefore the most readi ly avai lable for consumptive usage. The SS 

al ternat ive rel ies on chromium soi l  source stabi l izat ion and long-term natural  

f lushing of both the Level A and Level B aquifer zones. 

Both al ternat ives rely on inst i tut ional controls to prevent wel l  instal lat ion 

in the contaminated groundwater plume. Under al ternat ive RT 1A, inst i tut ional 

controls are required to prevent use of the Level A aquifer over the period of 

groundwater remediat ion (approximately 15 years).  Long term appl icat ion of 

inst i tut ional controls wi l l  be required to prevent use of  the contaminated 

level B aquifer.  Under SS, long term inst i tut ional controls are required for 

both the Level A and B aquifer.  

Based on groundwater model ing conducted as part  of  the Endangerment 

Assessment,  i t  is not expected that discharge of contaminated groundwater 

under ei ther recommended al ternat ive wi l l  s igni f icant ly affect water qual i ty 

in the Columbia River.  Discharge of contaminated groundwater to the r iver 

wi l l  be much lower under the RT 1A al ternat ive as compared to the SS 

al ternat ive since the RT 1A al ternat ive involves groundwater extract ion and 

treatment from the Level A aquifer.  
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Ful l  groundwater remediat ion to the MCI in both the Level A and Level B 

aquifers does not appear to be a reasonable remediat ion goal.  Treatment of  

the Level B aquifer zone groundwater would require a very large treatment 

faci l i ty because of the volume of water which would need to be extracted to 

recover the exist ing plume. No current groundwater users are threatened by 

the exist ing plume. I f  stabi l izat ion of the chromium source soi ls is 

successful ,  natural  groundwater f lushing wi l l  eventual ly clean the Level B 

aquifer.  

Responsible regulatory ent i t ies and 

the addit ional cost of  implementing 

the increased level of  protect ion 

cost ly SS al ternat ive. 

the concerned publ ic must decide whether 

the RT 1A al ternat ive is consistent with 

gained over implementat ion of the less 
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1.0 INTRODUCT T ON 

The FHC s i te is current ly on the National Pr ior i ty List  (NPL) under the 

Comprehensive Environmental  Response, Compensat ion, and Liabi l i ty Act (CERCLA) 

of  1980, due to groundwater contaminat ion from chrome plat ing wastewater 

discharge. The Remedial  Invest igat ion/Feasibi l i ty Study was led by the 

Washington Department of  Ecology (WDOE) under a cooperat ive agreement with the 

U.S. Environmental  Protect ion Agency (EPA) and is governed by the regulat ions 

of the National Oi l  and Hazardous Substances Pol lut ion Contingency Plan (NCP), 

40 CFR Part  300, which implements CERCLA most recent ly revised by 50 FR 47912, 

November 20, 1985. 

On October 10, 1984 the WDOE retained Dames & Moore to prepare a work plan and 

conduct a remedial  invest igat ion for the Front ier Hard Chrome (FHC) s i te as 

def ined in the National Contingency Plan (NCP) for cleanup of hazardous 

substance si tes. The remedial  invest igat ion consisted of the fol lowing steps: 

(1) sampling and chemical analyses of both surface and subsurface soi ls,  (2) 

sampling and analyses of groundwater from nearby pr ivate wel ls and potable 

water sources, and (3) the instal lat ion of sampling and monitor ing wel ls in 

the general area of FHC. In addit ion, analyses were performed on air  and wal l  

wipe samples obtained within the FHC bui lding. The sample results indicated 

both inorganic and organic contaminat ion of the s i te.  

Surface soi l  results showed elevated concentrat ions of chromium in and around 

the FHC bui lding and the surface depression area to the east.  Nickel and lead 

were also found in some soi l  samples. Subsurface soi l  tests showed that 

chromium and hexavalent chromium have accumulated at a discont inuous clay 

layer 15-20 feet below grade. Groundwater results revealed chromium 

contaminat ion to depths of 40 to 50 feet below grade. Limited organic 

analyses indicated tetrachloroethylene (PCE) and related compounds in some 

subsurface soi l  and groundwater samples. Low concentrat ions of polynuclear 
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aromatic hydrocarbons and pest ic ides were found in two soi l  borinas and 

groundwater samples. Chromium was also found on surfaces inside the FHC 

bui lding. 

In early Apri l  1987 the WDOE authorized Dames & Moore and i ts subcontractor,  

Bovay Northwest Inc.,  to prepare an engineering Feasibi l i ty Study (FS) based 

upon the results of the Remedial  Invest igat ion. 

This Feasibi l i ty Study report  consists of seven sect ions and three appendices 

contained in two volumes. Sect ions 1 through 7 are in Volume 1. Appendices 

A, B and C are in Volume 2. The fol lowing paragraphs summarize the contents 

of  each sect ion of the FS. 

Sect ion 1.0 provides background information regarding si te locat ion and 

physiography, FHC operat ion, and regulatory act ions. The nature and extent of  

the problem, as ident i f ied through previous studies and the Remedial  

Invest igat ion, is presented along with a descript ion of mit igat ive act ions. 

Also included is a summary of  the Endangerment Assessment,  which was conducted 

in i t ia l ly to provide a quant i tat ive determinat ion of the potent ial  for harm to 

the general publ ic and to develop a management f ramework for establ ishing 

real ist ic cleanup levels.  Final ly object ives are developed for remedial  

act ion from the Remedial  Invest igat ion and Endangerment Assessment,  and the 

appl icable environmental  cr i ter ia and standards are summarized. 

Sect ion 2.0 presents (1) the feasible technologies ident i f ied for the general 

response act ions, (2) the technical cr i ter ia,  including si te and contaminant 

character ist ics that were used in the technology select ion process, and (3) 

the results of the remedial  technology screening. 

Sect ion 3.0 presents the remedial  al ternat ives developed by combining the 

technologies ident i f ied in the previous screening process in the f ive 

categories required by the NCP. The process for the in i t ia l  screening of 
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remedial  al ternat ives, along with the environmental  and publ ic health impacts 

associated with the various al ternat ives and the est imated costs are 

described. 

Sect ion 4.0 contains the detai led descript ion of the cost and non-cost 

features of each remedial  act ion al ternat ive passing the in i t ia l  screening in 

Sect ion 3.0. 

Sect ion 5.0 presents an explanat ion of the detai led evaluat ion process that 

was conducted as wel l  as the results of the analyses in f ive subsect ions: 1) 

Technical Feasibi l i ty,  2) Inst i tut ional Requirements, 3) Environmental  

Impacts, 4) Publ ic Health Impacts, and 5) Cost Analysis.  

Sect ion 5,0 summarizes the remedial  al ternat ives and provides relat ive 

advantages and disadvantages of each. Two al ternat ives are recommended to 

WDOE, each with a d i f ferent level of  publ ic health and environmental  

protect ion. In addit ion, considerat ions for implementing the remedial  

al ternat ives are discussed. 

Sect ion 7.0 ident i f ies reference and source documents used in preparing this 

Feasibi l i ty Study. 

The appendices (Volume 2) include: 

Appendix A Endangerment Assessment of  the Front ier Hard Chrome Site 

Appendix B Total  Chromium Mass Calculat ions 

Appendix C Detai led Cost Est imates for Final Candidate Alternat ives 

1-1 OBJECTIVE OF FEASIBILITY STUDY AND OVFRVTFW OF RFPORT 

The object ive of a CERCLA Feasibi l i ty Study is to develop and then 

evaluate feasible remedial  al ternat ives to deal with the contaminat ion 
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found at NPL s i tes on the National Pr ior i ty List  (NPL). The fol lowing 

Feasibi l i ty Study provides WDOE with the necessary information on 

al ternat ive remedial  act ions to enable select ion of f inal  remedial  

measures for the Front ier Hard Chrome s i te.  

SITE BACKGROUND INFORMATION 

1.2.1 Site Locat ion and Descript ion 

Front ier Hard Chrome, Inc. (FHC) operated a chrome plat ing 

faci l i ty located in Clark County at 113 "Y" Street in the 

southeastern port ion of Vancouver,  Washington (see Figure 1-1) 

from 1958 to 1983. The s i te is located in a l ight industr ial  area 

approximately 0.5 mi le north of the Columbia River and covers 

approximately 0.5 acre. Port land, Oregon, one of the major 

populat ion centers of the Pacif ic Northwest,  l ies just across the 

Columbia River to the south. During i ts operat ion, FHC provided 

plat ing services for a var iety of metal  parts fabr icators in the 

Port land/Vancouver area. 

The FHC s i te is located on a former f lood plain of the Columbia 

River at an elevat ion of approximately 30 feet (MSL) 

approximately 0.5 mi le north of the r iver.  A short  distance north 

of the si te (north of 5th Street),  a b luf f  r ises to an elevat ion 

of approximately 150 feet.  The bluf f  l ine marks the margin 

between the former f lood plain and a ser ies of sand and gravel 

(glaciof luvial)  terraces of the Pleistocene Age associated with 

Spokane Flood deposits (Figure 1-2).  Figure 1-3 displays the 

general geologic relat ionships of the major soi l  and rock 

components in Clark County, Washington. Figure 1-4 displays 

relevant features of the si te area. 

The Columbia River and i ts tr ibutar ies are the pr imary surface 

water resource in the project area. At Vancouver,  the Columbia 
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River experiences an average annual f low of 201,800 cubic feet per 

second (cfs).  This f low rate varies signif icant ly according to 

season. Flow in the late fal l  can be ds low as 49,400 cfs,  and as 

high as 649,200 cfs in spring and early summer when snow melt  

occurs. In the Vancouver area, the maximum r iver stage averages 

more than 16 feet above mean sea level,  and fal ls to a low of 2 to 

6 feet above mean sea level in August (CH2M Hi l l ,  1983). 

Natural  vegetat ion at the si te is l imited, since a major i ty of the 

land surrounding the si te has been developed for industr ial  use 

(east,  west,  and south) and resident ial  use (north of the s i te).  

Grasses and smal l  woody shrubs occupy a former pond area in the 

eastern port ion of the si te.  Blackberr ies and a stand of mature 

cottonwoods are also found in the vic ini ty of the depression. 

Animals l ikely to be found on s i te and in surrounding areas 

include mammals such as rabbits,  shrews, moles, mice, voles and 

gophers; and bird species (year-round, seasonal and migratory) 

such as sparrows, f inches, juncos, hawks, owls, and waterfowl.  

Numerous f ish species inhabit  the Columbia River;  these include 

anadromous species such as salmon and steelhead trout.  

Clark County has a predominant ly temperate marine cl imate with a 

relat ively narrow range in temperature, from an average annual low 

of 44.3°F in winter to an average annual high of 62.7°F in summer. 

The average annual mean temperature in Vancouver is 53.5°F (Yates 

and Yates, 1986).  

Precipi tat ion in the county var ies local ly.  At Vancouver,  the 

average annual precipi tat ion is 39 inches. 

"Strongest" winds as measured.at the Port land Airport  are 

general ly from the south or southwest and are typical ly associated 

with severe weather systems moving onshore during the fal l  and 



winter.  "Prevai l ing" winds are general ly from the east or 

southeast during winter and fa l l ,  and from the northwest during 

spr ing and summer. Maximum wind veloci t ies at 30 feet above the 

ground over level terrain can be expected to reach 50 to 60 mi les 

per hour once every two years (Pacif ic Northwest River Basin 

Commission, 1970(b).  

The strat igraphy of the si te is character ized by al luvial  sand, 

s i l t ,  gravel,  and var ious mixtures of these mater ials.  Fine 

grained Holocene Al luvium overl ies glacial  f lood deposits of 

Pleistocene Age (Tr imble, 1963).  The Pleistocene f lood deposits 

blanket an ancient f lood plain and several  abandoned channels of  

the Columbia River,  which were incised into the underlying 

Troutdale Formation (Mundorff ,  1964).  The sedimentary rocks of 

the Troutdale Formation in turn overl ie a ser ies of basalt  f lows 

which are part  of  the Columbia River Basalt  Group. 

Individual f lows of the Columbia River Basalt  Group general ly 

consist  of  hard sol id basalt  with columnar or blocky cool ing 

joints.  However, zones between the sol id parts of the f lows 

frequent ly consist  of  rubbly or scoriaceous basalt .  These rubbly 

zones, of ten cal led interf low zones, are frequent ly important 

regional aquifers; however, they are not used in the Vancouver 

area because of their  depth (300 to 800 feet) and the avai labi l i ty 

of abundant groundwater from the overly ing Troutdale Formation and 

younger sediments. 

The Troutdale Formation consists of an upper and lower member 

(Mundorff ,  1964).  The upper member consists of indurated sand, 

cemented sandstone, sandy gravel,  and conglomerate with local 

s i l ty lenses and layers. The upper Troutdale member general ly 

consists of an upper layer of 10 to 50 feet of cemented gravel 

(conglomerate) and a lower layer of cobbly sandy gravel (Mundorff ,  

1964).  Frequently,  the top of the Troutdale is weathered to a 
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depth of several  feet and forms a conf ining bed. Within the si te 

area, the top of the upper gravel ly member general ly l ies at an 

elevat ion of -70 to -80 feet MSL (depth below ground surface of 

approximately 100 feet,  Mundorff ,  1964),  which is below the depth 

of exploratory dr i l l ing conducted by Dames & Moore for this study. 

Regional ly,  groundwater from the upper gravel ly member of  the 

Troutdale is an important resource, whi le only minor quant i t ies of 

groundwater are obtainable from the lower clayey member. 

The glaciof luvial  deposits comprise a large delta, bui l t  into the 

Port land Basin by Pleistocene f loods down the Columbia River.  The 

glaciof luvial  deposits are an important source of groundwater,  

part icular ly near the Columbia River,  where large volumes of water 

are avai lable at relat ively shal low depths (Mundorff ,  1964; 

Robinson et a l . ,  1980a). For example, wel l  tests at the Food 

Manufactur ing and Chemical Corp. located southwest of  the si te,  

produced 5,500 gpm with 4 feet of  drawdown from the glaciof luvial  

deposits.  In the FHC s i te area, the glaciof luvial  deposits 

consist  largely of deltaic gravels,  most of  the overly ing f ine

grained mater ial  having been eroded away pr ior to deposit ion of 

the Holocene Al luvium. Avai lable data indicate the top of  the 

glaciof luvial  deposits is at approximately elevat ion 0 to 5 feet 

MSL (depth below ground surface of approximately 20 to 25 feet) in 

the Front ier Hard Chrome s i te area. In general,  the phreat ic 

surface within the glacial  f lood deposits mimics the topography of 

the f lood plain and slopes gent ly to the south. Correlat ion of 

water levels from the aquifer system within the glacial  f lood 

gravels beneath the s i te area and the Columbia River stage 

indicates a strong hydraul ic communicat ion. 

Holocene Al luvium covers the f lood plain areas of the Columbia and 

Wil lamette Rivers and some of  their  t r ibutar ies. Along the 

Columbia River,  the al luvium consists pr imari ly of predominant ly 

f ine-grained sand and s i l t  (Mundorff ,  1964).  These deposits occur 
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as f ine-grained overbank deposits.  Avai lable data indicate the 

top of the Holocene Al luvium general ly l ies at approximate 

elevat ion 10 to 15 feet MSL (depth below ground surface of 15 to 

20 feet)  in the Front ier Hard Chrome s i te area. Local ly,  

groundwater is derived from the al luvium, however, to obtain large 

yields most wel ls penetrate ei ther the glaciof luvial  deposits or 

upper member of  the Troutdale Formation. 

During the 1940s, port ions of the FHC s i te area were covered with 

up to approximately 20 feet of  hydraul ic f i l l  (Dames & Moore, 

1970) .  The f i l l  was used to  leve l  a swampy area between Pear s™ 

Air Park and Grove Street.  These f i l l  mater ials consist  of  

general ly f ine grained sand, with s i l ty sand near the surface and 

sand at depth. Construct ion f i l l  has also been placed at port ions 

of the si te.  

Robinson, Noble and Carr (1980) assumed al l  recharge to 

groundwater in the al luvial  terrace deposits (upper- level Orchards 

aquifer) results from precipi tat ion over a 70-square-mi1e area. A 

component of  the groundwater in the upper level Orchards Aquifer,  

in turn, recharges groundwater in the al luvial  f lood plain 

deposits ( lower- level Orchards aquifer) and the less permeable 

Troutdale aquifers. Discharge of groundwater in Clark County 

occurs through pumping from wel ls,  leakage to the Troutdale (and 

possibly Columbia River Basalt)  aquifers, and seepage to the 

Columbia River.  As groundwater moves from areas of recharge to 

areas of discharge, i ts chemistry is al tered by the effects of a 

var iety of geochemical processes. In a recent water qual i ty study 

completed by the USGS in Clark County, sampled groundwater was of  

the predominant ly soft  to moderately hard, calcium-magnesium 

bicarbonate type (Ebbert and Payne, 1985).  

1 - 8  



1.2.2 History, Operat ions, and Regulatory Act ions 

The FHC s i te was the locat ion of chrome plat ing operat ions for 

approximately 25 years between 1958 and 1983. The s i te was f i rst  

brought to the State of Washington Department of  Ecology's 

(WDOE's) at tent ion in November of  1975, when metals from 

industr ies were discovered to be toxic to biota in the City of 

Vancouver 's secondary wastewater treatment plant.  At that t ime, 

WDOE became involved in the review, negot iat ions, and subsequent 

issuing of a Waste Discharge Permit  to FHC. This permit  required 

a wastewater pretreatment system. In 1982, WDOE inspected FHC and 

found the faci l i ty in violat ion of RCRA and Chapter 173-303 of the 

Washington Administrat ive Code (WAC). Several  wel ls in the area 

around FHC were sampled by WDOE in 1982. Concentrat ions of 

hexavalent chromium above the United States Environmental  

Protect ion Agency dr inking water standard were detected in 

groundwater samples from industr ial  wel ls located at the Food 

Manufactur ing and Chemical Corporat ion plant approximately 0.5 

mi les southwest of  FHC. In 1983, WDOE rejected FHC's proposed 

wastewater pretreatment process and issued two regulatory orders 

requir ing FHC to cease the discharge of process water to a dry 

wel l  and to submit a scope of work and proposed schedule for 

implementat ion of a groundwater study. Upon receipt of  these 

orders, FHC terminated i ts industr ial  chrome plat ing operat ions. 

In Apri l  1983, the FHC s i te was placed on the NPL under CERCLA by 

EPA. The plant bui lding and property have been rented on an 

intermit tent basis since that t ime. 

1.2.3 Community Concerns 

Primary publ ic concerns are in the areas of potent ial  human health 

effects,  the environmental  review process, and potent ial  socio
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economic impacts. These have been expressed in publ ished news 

art ic les by the Port land Oregonian and Vancouver Columbian 

newspapers, and by individuals '  correspondence with the City of 

Vancouver Publ ic Works Department.  

A publ ic meeting to explain the RI was held in October of  1984 to 

explain Ecology's planned invest igat ions. Not ices of the meeting 

and fact sheets were sent to key of f ic ials,  City Counci l  members, 

concerned ci t izens, a neighborhood associat ion and developers. 

Information was mai led to repositor ies at the Vancouver City Hal l  

and Department of  Publ ic Works, the Clark County Courthouse, and 

to the Main Branch of the Vancouver Publ ic Library. The Vancouver 

media was also provided with a news release and a fact sheet.  

Ecology issued a news release in August 1985, announcing the 

beginning of f ie ld work and an update in December 1986, explaining 

cont inuat ion of the work. 

General community concerns are explained in the fol lowing 

paragraphs: 

Potent ial  Human Health Effects:  

The potent ial  health effects of chromium, lead, nickel and 

chlor inated solvents which have been detected in soi l ,  groundwater 

and surface water are of pr imary concern. Workers and other 

individuals at the FHC s i te and adjacent of f-s i te populat ions 

could be exposed to chromium and other heavy metals through direct 

contact with contaminated dust or soi l .  

Socio-Economic Impacts: 

Groundwater and soi l  .contaminat ion has affected the development 

potent ial  of  the FHC s i te and other propert ies within the 

immediate v ic ini ty.  In a let ter dated June 19, 1985, local 
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resident  cal led upon the City of Vancouver to halt  the 

proposed Columbia South Shores development on the Food 

Manufactur ing and Chemical (FMC) s i te.  A pr imary factor in this 

request was the detect ion of contaminants in wel ls located on the 

FMC property but assumed to or iginate from the FHC s i te.  This 

project is current ly pending resolut ion of this and other issues. 

I f  publ ic water suppl ies were to become contaminated and remedial  

act ion not be v iable other potent ial  socio-economic impacts could 

include higher water use rates, decl ines in the development 

potent ial  of  the larger area, decreases in renter occupancy, and 

decl ines in tourism and recreat ional act iv i t ies. However, such 

impacts may not occur i f  al ternate suppl ies of clean dr inking 

water can be provided. 

Environmental  Impacts: 

Environmental  groups, f ishermen and recreat ional water users may 

develop concerns relat ing to potent ial  water qual i ty impacts on 

the Columbia River.  

These concerns are di f f icul t  to quant i fy and balance against other 

considerat ions. However, they wi l l  be considered in the course of 

evaluat ing the Remedial  Act ion Alternat ives proposed in this FS, 

in terms of the degree to which each al ternat ive mit igates 

concerns or issues, and in terms of the l ikely degree of pubTic 

acceptance of each al ternat ive. 

NATURE AND EXTENT OF PRORIFM 

1.3.1 Contaminants Detected 

The analyt ical  results for samples col lected during the remedial  

invest igat ion indicate that inorganic and organic contaminat ion of 
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soi l  and groundwater exists at the FHC s i te.  Specif ical ly this 

includes chromium, nickel,  lead, tetrachloroethylene, 1,1,1-

tr ichloroethane, tr ichloroethylene and carbon tetrachlor ide. 

Surface soi l  results indicated elevated concentrat ions of chromium 

exist  in and around the FHC main bui lding (Figure 1-5) and in the 

depression east of  the bui lding in the area of the wastewater 

discharge. In addit ion, nickel and lead were detected in some 

soi l  samples. 

Subsurface soi l  sample results indicated chromium and hexavalent 

chromium have apparent ly accumulated at a discont inuous clay layer 

located approximately 15 to 20 feet below ground surface. Results 

f rom chromium desorpt ion tests indicate that the 

adsorpt ion/desorpt ion process is dependent upon the soi l  type and 

the in i t ia l  soi l  total  chromium concentrat ion. 

Groundwater results indicated chromium concentrat ions are higher 

in wel ls screened at or just below the water table, 'approximately 

20 feet below ground surface (Level A wel ls),  than in wel ls 

screened at a depth of 40 to 50 feet below ground'surface (Level B 

wel ls),  and that vert ical  downward migrat ion of chromium occurs 

predominant ly south of the dry wel l .  The magnitude and locat ion 

of the chromium plume, based on inferred concentrat ion contours, 

remained relat ively constant for the durat ion of the remedial  

invest igat ion. 

Results of  l imited organic analysis indicated the presence of 

chlor inated organics in groundwater and subsurface soi l  samples. 

Tetrachloroethylene (PCE) and related compounds detected in 

groundwater samples appear to or iginate from a source or sources 

located north of the dry wel l ,  possibly from an of f-s i te locat ion. 

Subsurface soi l  results indicated PCE at relat ively low 

concentrat ions near the FHC bui lding. Low concentrat ions of 
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polynuclear aromatic hydrocarbons (PAH) and pest ic ides were found 

in samples from two soi l  borings and monitor ing wel ls near the dry 

wel 1.  

Analyt ical  results of wal l  wipe samples col lected inside the FHC 

bui lding indicated chromium was present on the surfaces where 

samples were obtained. Air  sampling inside the FHC bui lding did 

not detect s ignif icant airborne concentrat ions. 

1.3.2 Extent and Migrat ion of Contaminants 

Soi l  s 

Soi l  sample analyt ical  results are discussed for the fol lowing 

three soi l  zones: 

Surface soi ls (sample depths ranging from 0 to 1 foot);  

.  Shal low subsurface soi ls (sample depths ranging from 1 to 5 

feet) ;  and 

.  Deep subsurface soi ls (sample depths greater than 5 feet) .  

1) Surface Soi ls 

Surface soi l  (0 to 1 foot depth) gr id sample 

analyt ical  results for total  chromium, cyanide, lead, 

and nickel are shown on Figures 1-5 through 1-8. The 

results for total  chromium and cyanide are shown with 

inferred concentrat ion contours (Figures 1-5 and 1-5 

respect ively).  The lead and nickel results were not 
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contoured because of the l imited number of  data 

points.  The results of the grab sample surface soi ls 

are consistent with the gr id sample results.  

The areas of relat ively high chromium concentrat ions, 

shown on Figure 1-5 are consistent with areas of 

inferred previous si te operat ions. The highest 

concentrat ions were measured in samples col lected from 

the vic ini ty of the FHC bui lding and the dry wel l .  

Relat ively high concentrat ions were also detected in 

samples col lected from the topographic depression in 

the general v ic ini ty of a cool ing water discharge 

outfal l .  Lower concentrat ion contour l ines appear 

consistent with the approximate routes of surface-

water runoff .  The cyanide (Figure 1-6) and lead 

(Figure 1-7) analyt ical  results also show elevated 

concentrat ions within the topographic depression in 

the v ic ini ty of the cool ing water discharge outfal l .  

One area of elevated chromium' concentrat ion that is 

not consistent with inferred previous si te operat ions 

is located north of the main bui lding (Figure 1-5).  

The concentrat ions detected here are 520 mg/kg. 

Chromium exists in two valence states, t r ivalent 

(Cr+3) and hexavalent (Cr+6).  Cr+3 is a cat ion which 

is relat ively insoluble at normal pH's as i t  

precipi tates to sol id Cr(0H)3. I t  also can occupy 

cat ion exchange si tes on soi ls (or ion exchange 

resins).  Cr+6 exists as anionic Cr04 or Cr207, both 

of which are soluble and quite mobi le in groundwater.  

The anions are adsorbed to soi l  part ic les under 

certain condit ions. However, there is an equi l ibr ium 

between Cr 3 and Cr+®, and also between sorbed and 

desorbed chromium. This means that as Cr+6 is washed 
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away, more would be released, and as Cr+6 is depleted, 

more Cr+^ may result  from conversion of Cr+^. 

A surface soi l  containing 400 ug/g of total  chromium 

was tested to determine i f  water could leach the 

chromium. The test results indicated that release of 

chromium to water from this sample was undetectable. 

Surface soi l  organic analyses were not conducted since 

organic contaminat ion was not indicated by s i te 

history. Subsurface soi l  and groundwater results 

(discussed below) may indicate the need for organic 

analysis of  surface soi ls during future work at the 

s i te.  

Shal low Subsurface Soi ls 

The inorganic analyt ical  results for shal low 

subsurface soi ls (1 to 5 feet) indicate that chromium 

contaminat ion was detected in the vic ini ty of the dry 

wel l ,  beneath and to the east of  the main bui lding. 

Relat ively high concentrat ions were measured in 

samples col lected from: 1 to 3 feet at shal low boring 

locat ions S-2 (6,200 mg/kg);  S-3 (6,500 mg/kg);  S-6 

(7,800 mg/kg) within the main bui lding (Figure 1-11);  

S-7 (6,900 mg/kg) and S-8 (12,000 mg/kg) between the 

main bui lding and the dry wel l  (Figure 1-12).  In 

general,  the results indicate that the concentrat ion 

of chromium and other metals decreased with depth from 

1 to 5 feet.  Figure 1-10 shows a p lot  of 

concentrat ion versus depth for samples col lected from 

Boring B85-1. This f igure is representat ive of 

shal low soi ls boring results.  
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Organic analyt ical  results indicate that relat ively 

low concentrat ions of tetrachloroethylene (PCE) were 

detected at Locat ion S-5 (49 ug/kg) within the main 

bui lding and at Locat ion S-9 (85 ug/kg) outside the 

bui lding, between the bui lding and the dry wel l  

(Figures 1-11 and 1-12).  The source of the detected 

organic concentrat ions is uncertain, but may result  

f rom operat ions within or adjacent to the main 

bui lding, disposal act iv i t ies north of the dry wel l  on 

the FHC property and/or from an of f-s i te locat ion. 

Deep Subsurface Soi ls 

The inorganic analyt ical  results from deep subsurface 

soi ls (deeper than 5 feet) indicate that t r ivalent 

chromium and hexavalent chromium apparent ly accumulate 

at a c layey s i l t  layer approximately 15 to 20 feet 

below ground surface. Figures 1-10 and 1-13 show the 

increase in total  chromium and hexavalent chromium at 

this depth. Possible mechanisms for accumulat ion of 

t r ivalent chromium are precipi tat ion as insoluble 

hydroxides and/or i ron hydroxides and adsorpt ion on 

c lay surfaces. A possible mechanism for hexavalent 

chromium accumulat ion is adsorpt ion onto organic 

mater ial  within the clay. Hydrogeological data 

indicates the clayey s i l t  deposit  forms a conf ining 

bed on the al luvial  aquifer;  water level f luctuat ions 

within the al luvial  aquifer periodical ly r ise above 

the top of the clayey s i l t ;  and discont inuous zones of  

perched groundwater are present on top of the clayey 

s i l t  deposit .  The apparent hexavalent chromium 

accumulat ion at the clay layer may be associated with 

groundwater in the clayey s i l t  layer and not due to 

accumulat ion within the soi ls themselves. The 
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increase in concentrat ion is not apparent for other 

metals such as lead and nickel (Figures 1-10 and 1-

13).  These results indicate that the clay layer 

apparent ly inhibi ts chromium and hexavalent chromium 

migrat ion through adsorpt ion/precipi tat ion mechanisms 

as wel l  as physical ly inhibi t ing migrat ion by reducing 

groundwater f low. 

Total  chromium and hexavalent chromium avai labi l i ty 

for release to water from the clayey s i l t  subsurface 

soi l  was evaluated with a desorpt ion test.  A soi l  

sample (B87-11, 17.5 feet) with total  chromium and 

hexavalent chromium concentrat ions of 3,100 mg/kg and 

67 mg/kg, respect ively,  was used for the test.  Two to 

four percent of  the total  chromium in the sample was 

released to the water.  The hexavalent chromium 

increase in the water exceeded the amount in the soi l  

sample. The results of this test indicate conversion 

of t r ivalent to (more soluble) hexavalent chromium 

under the (aerobic) test condit ions. In general,  

hexavalent chromium concentrat ions were 2 to 5 percent 

of  the total  chromium concentrat ions in the soi l  

analyzed, whi le the concentrat ions of dissolved 

chromium in groundwater is almost ent i rely in the 

hexavalent form. 

Organic analysis results indicate that chlor inated 

solvents, polynuclear aromatic hydrocarbons (PAH), and 

pest ic ides were detected in relat ively low 

concentrat ions in subsurface soi l  samples. 

Tetrachloroethylene (PCE) was detected in the 15-foot 

sample from Locat ions B85-1 (65 ug/kg and B85-2 (31 

ug/kg) and in the 21.5-foot sample from Locat ion W85-

3B (260 ug/kg) (see Figure 1-9 for locat ions).  The 
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PCE contaminat ion may be the result  of  operat ions 

within or adjacent to the main bui lding, disposal to 

the north of the dry wel l  and/or north of the si te.  

Low concentrat ions of PAHs (51 -  250 ug/kg) were 

detected in the B85-2 sample col lected at 15 feet.  

The total  PAH concentrat ion measured in this sample 

was less than 3 mg/kg. The fol lowing pest ic ides were 

detected at low concentrat ions in the B85-1 sample 

col lected at 15 feet:  4,4'-DDD (23 ug/kg);  4,4'-DDE 

(5 ug/kg).  The source(s) and extent of  these organics 

cannot be ful ly evaluated due to insuff ic ient data. 

The PAH and pest ic ide concentrat ions detected in the 

soi l  samples analyzed are relat ively low and the 

compounds were not detected in groundwater samples. 

This indicates that PAHs and pest ic ides may not be of  

general concern, but may need to be assessed in the 

local v ic ini ty of the Borings B85-1 and B85-2. 

Water 

The water sample analyt ical  results are discussed for the 

fol lowing three types of water samples: (1) potable water;  (2) 

surface water;  and (3) groundwater.  

Potable Water 

The analyt ical  results for the analysis of  the six potable water 

samples indicate that total  chromium and hexavalent chromium 

concentrat ions were below detect ion l imits (0.002 mg/1 and 0.005 

mg/1, respect ively) in al l  samples except for the Richardson 

dr inking water sample. A dissolved chromium concentrat ion of 0.6 

mg/1 was reported for this sample. This concentrat ion is above 

the pr imary dr inking water standard for total  chromium (0.12 

mg/1).  However, th is source was sampled a second t ime and the 
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chromium concentrat ion was reported to be below the detect ion 

l imits.  This indicates that the f i rst  sample result  was probably 

anomolous. 

Organic analyses were not conducted for potable water samples. 

Surface Water 

Chromium was detected in al l  surface water samples. Chromium 

concentrat ions ranged from 0.01 to 0.90 mg/1 indicat ing that 

chromium migrat ion from the si te via surface-water runoff  or 

suspended airborne part iculate pathways has occurred. 

Organic analyses were not conducted for surface-water samples. 

Groundwater 

Wel l  designat ions, as described in this report ,  refer to the 

depths of the screened interval and to upper and lower 

transmissive zones. Level A wel ls are screened in the upper 

aquifer zone and Level B wel ls screened in the lower aquifer zone. 

The inorganic analyt ical  results indicate the presence of chromium 

in al l  of  the monitor ing wel ls sampled except W87-9A and W86-10B. 

The chromium data for the four sampling rounds are shown on Figure 

1-14 for the Level A wel ls and on Figure 1-15 for Level B wel ls.  

Figure 1-14 shows that in general the chromium plume has remained 

relat ively stat ionary in the Level A wel ls,  al though the sampled 

concentrat ions in individual monitor ing wel ls have f luctuated 

during the sampling period between rounds (Figure 1-16).  Figure 

1-15 shows that the chromium concentrat ion plume in the Level B 

wel ls has also remained relat ively stat ionary. The chromium 

concentrat ions in individual wel ls were consistent for the f i rst  

two sampling rounds, but increased as much as an order-of-
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magnitude for sampled Level B wel ls during Round 3. Total  

chromium concentrat ions found in wel ls during Round 4 were 

general ly consistent with Rounds 1 and 2. Increased 

concentrat ions of total  chromium detected in Level B wel ls during 

Round 3 may have been the result  of  downward migrat ion of chromium 

from Level A to Level B or the result  of  a relat ively high r iver 

stage pr ior to the third sampling round. This r ise in groundwater 

levels possibly brought more groundwater into contact with the 

chromium contaminated clayey s i l t  layer than normal (Figures 1-17 

and 1-18).  

Comparison of the Level A and Level B contours indicates that an 

increase in vert ical  migrat ion of chromium from Level A to Level B 

occurs south of the dry wel l .  This is consistent with the general 

southward groundwater gradient and the discont inuous nature of the 

lower aquitard. 

Pump test sample results for Wells PW-1A and PW-1B (Figure 1-12 

for locat ions) indicate that horizontal  and vert ical  migrat ion of 

chromium may have occurred. At the beginning of the upper zone 

aquifer test,  chromium concentrat ions from PW-1A were consistent 

with results from Round 4 groundwater sampling (Figure 1-19).  As 

the pump test progressed, the chromium concentrat ion in samples 

col lected from PW-1A increased. This is probably due to 

horizontal  migrat ion of chromium contaminated water of  higher 

concentrat ion to Well  PW-1A. The analyt ical  results from the 

lower zone aquifer test indicate that vert ical  migrat ion from 

Level A to ^evel B occurred. As with the upper zone aquifer test,  

the in i t ia l  concentrat ion from PW-1B was consistent with results 

from Round 4 groundwater sampling (Figure 1-19).  The chromium 

concentrat ion from PW-1B did not stabi l ize during the test and 

increased to a level higher than those detected in other Level B 
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wells during Round 4. This concentrat ion increase suggests 

vert ical  migrat ion of chromium from Level A to Level B in the 

v ic ini ty of Well  PW-1B. 

The chlor inated solvents of tetrachloroethylene (PCE), t r ichlor-

ethylene (TCE), and 1,1,1-tr ichloroethane (TCA) were detected in a 

number of  wel ls.  Highest concentrat ions were detected in Wells 

W85-3A and W87-8A. The concentrat ions detected in Round 4 and 

inferred concentrat ion contours for PCE, TCE, and TCA are shown on 

Figures 1-20 through 1-22. These f igures indicate the highest 

concentrat ions were detected in samples col lected from wel ls 

located north of the dry wel l .  Since the general groundwater 

gradient is to the south to southwest,  these results indicate that 

the. dry wel l  is not the source of the detected chlor inated 

organics. Chlor inated solvents in the groundwater at  the si te 

appear to or iginate from mult iple sources located north of the dry 

wel l ,  possibly of f-s i te.  

Chlor inated solvents detected in the groundwater can potent ial ly 

mobi l ize chromium through the formation of soluble hexaccordinate 

octahedral complexes. Although the potent ial  for enhanced 

mobi l izat ion exists,  the l imited data avai lable do not show a 

correlat ion between chlor inated organic concentrat ions and 

chromium concentrat ions. 

Other Media 

The inorganic analyt ical  results for the air  monitor ing and wal l  

wipe samples are discussed below. Organic analyses were not 

conducted for these samples. 
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Air 

The air  sample results indicate no detectable concentrat ions of 

total  chromium, hexavalent chromium, or nickel in the FHC bui lding 

(Figure 1-23).  Sample concentrat ions were within the blank f i l ter 

concentrat ion range and were below accepted occupat ional air  

standards for total  chromium (OSHA Standard 1 mg/m3) and 

hexavalent chromium (NIOSH Standard 1 ug/m3) (Table 1-1).  

Wal l  Wipe 

Chromium was detected in al l  s ix of the wal l  wipe samples 

col lected from inside the FHC bui lding. The highest concentrat ion 

was detected in Sample W-3 (4600 ug/wipe),  col lected south of the 

fume scrubber room (Figure 1-24).  Hexavalent chromium was not 

detected in any sample; nickel was detected in only two samples. 

Al though these results are qual i tat ive, they do indicate that 

there is a potent ial  for mobi l iz ing airborne chromium in the 

bui lding. 

ENDANGERMENT ASSFSSMFNT 

1.4.1 Overview 

An Endangerment Assessment (Appendix A) was conducted to determine 

the magnitude and probabi l i ty of actual or potent ial  impact 

associated with the release (actual or threatened) of hazardous 

substances from the si te.  

Six hazardous substances were ident i f ied in the R1 which were 

present in one or more media at  concentrat ions of potent ial  health 

or environmental  concern. Al l  were proposed for considerat ion in 

the Endangerment Assessment.  Those substances are: 
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Inorganics: Chromium 

Nickel 

Lead 

Organics: Tetrachloroethylene -  PCE 

Tr ichloroethylene -  TCE 

1,1,1-Trichloroethane - TCA 

A review of the toxicological  propert ies of these chemicals is 

contained in the Endangerment Assessment.  

.4.2 Cri t ical  Pathways 

Based on the f indings of the RI and review of the toxicological  

propert ies and exposure route character izat ions for the indicator 

chemicals the fol lowing cr i t ical  pathways were ident i f ied. These 

routes were evaluated under both the no act ion and remedial  

act iv i t ies scenarios as appropriate. 

Drinking water exposures from contaminated groundwater sources. 

Transport  of  groundwater contaminants of f-s i te was evaluated for 

hexavalent chromium, PCE, TCE and TCA. Target populat ion 

receptors were considered to be selected at hypothet ical  down-

gradient wel l  locat ions, the nearest municipal supply wel l ,  and a 

school i r r igat ion wel l .  A groundwater contaminant t ransport  

model,  described in Appendix A was ut i l ized to predict  exposure 

v ia the groundwater pathway. 

Airborne exposure from on-si te fugi t ive dust sources. Both 

windblown and vehicular generated dust sources were evaluated for 

the inorganic const i tuents. Target populat ions were considered 

at the si te boundaries, the nearest downwind resident ial  area, 
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two local hospitals,  and a school.  A fugi t ive dust t ransport  

model,  described in Appendix A was ut i l ized to develop exposure 

est imates. 

Surface water and groundwater discharge exposures. Hexavalent 

chromium concentrat ions in impounded surface waters, s i te runoff ,  

and groundwater discharge to the Columbia River were evaluated 

ei ther by direct observat ions or model predict ions. Target 

populat ions were those that might come in contact with these 

waters during recreat ional,  occupat ional,  1 or incidental  act iv i

t ies. Surface water exposure est imates were developed using 

l imited f ie ld data. Groundwater exposure est imates were based on 

the same predict ive model used to evaluate the potable groundwater 

pathway. 

Incidental  ingest ion exposures. Two examples of incidental  

ingest ion of inorganic soi l  contaminants were considered. Those 

were incidental  soi l  ingest ion and harvest ing of blackberr ies on 

the s i te.  Target populat ions were chi ldren that might access the 

s i te.  Assumed ingest ion rates and l i terature uptake rates for 

vegetat ion were ut i l ized. 

Predict ive transport  models for contaminants were developed and 

uncertainty analyses performed of the predicted concentrat ion of 

contaminants to establ ish probable concentrat ions at var ious 

locat ions for exposure to fugi t ive dust (air  model) and 

groundwater (groundwater model).  Using the probable concentrat ion 

condit ions, probable dose levels were establ ished for populat ion 

segments. 

Where avai lable, Appl icable, Relevant and Appropriate Requirements 

(ARARs) were ut i l ized in evaluat ing the health r isk associated 

with est imated and observed exposure concentrat ions. In cases 

where ARARs were not avai lable, or were not appropriate to the 
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pathway under evaluat ion, the carcinogenic potency factor ci ted 

in EPA's Superfund Publ ic Health Evaluat ion Manual  (SPHEM) was 

ut i l ized to develop unit  r isk factors. These were then appl ied 

to the est imated dosages to yield r isk est imates. 

Where model predict ions were used to evaluate endangerment,  

uncertainty analysis was performed. Exposure was predicted 

relat ive to the ARAR and was summarized by the probabi l i ty of 

exceedance of the ARAR. Where exposure was est imated relat ive to 

carcinogenic potency, the 95th percent i le l i fet ime excess cancer 

r isk was used as the basis for evaluat ing endangerment.  

1.4.3 Findings 

Groundwater Pathway -  The model ing results suggest l i t t le impact 

at  exist ing domestic or municipal water wel ls in a 70 year 

model ing scenario. The maximum predicted probabi l i ty of exceeding 

the ARARs Safe Drinking Water Act standards for Cr+6 were 5%. 

However, hypothet ical  wel ls within and near the exist ing 

groundwater plume would be severely impacted. Hexavalent 

chromium levels as high as 714 mg/1 are predicted, as compared to 

the dr inking water standard of 0.05 mg/1, hence the exceedance 

probabi l i ty is essent ial ly 1.0. 

Groundwater discharges to the Columbia River were est imated to 

have low probabi l i ty of exceeding dr inking water standards for 

Cr+6 within 50 years. The predict ions do not account for di lut ion 

by the r iver,  which would further reduce the effect.  

Airborne Pathway -  Al l  airborne exposure analyses were based on 

predicted annual averages and assumed total  Cr:Cr+6 rat ios. 

Short- term evaluat ions of r isk were not possible. Hexavalent 

chromium values for surface soi l  samples were unavai lable, and 
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were instead est imated using Cr:Cr+6 rat ios from subsurface 

borings. The error inherent in the use of the observed Cr:Cr+6 

rat ios was incorporated in the analysis,  and this error is 

ref lected in the est imated probabi l i t ies of exceeding standards 

and the 95th percent i le r isk est imates. 

The 95th percent i le excess cancer r isk for chromium and nickel did 

not exceed the lO"' '  level on-si te or the 10"® level of f-s i te.  The 

predicted probabi l i ty of exceeding the National Ambient Air  

Qual i ty Standard for lead was essent ial ly zero both on and of f-

s i te.  

The model predicted that 97% of al l  Cr+6 emissions are due to 

vehicular act iv i ty.  Any r isk due to airborne exposure could 

therefore be substant ial ly reduced by addressing vehicle induced 

emissions or removal of  areas containing high concentrat ions of 

hexavalent chromium. 

Surface Water—Pathway -  Al l  surface water samples col lected on-

si te had concentrat ions less than the Ambient Water Qual i ty Stan

dard for chromium (170 mg/1).  However, the highest concentrat ion 

observed in surface waters ( .9 mg/1) was eight t imes the dr inking 

water standard for chromium (MCL = .12 mg/1).  

Insuff ic ient data were avai lable to conduct a detai led assessment 

of  the health r isk due to surface water t ransport .  General ly,  

however, topographic considerat ions dictate that surface water 

remains on or near the s i te,  and pr imari ly represents a seasonal 

exchange with soi l  contaminants. Surface water that is 

transported from the si te to the nearest receptor of  concern ( the 

Columbia River) would be di luted many more than the eight t imes 

necessary to meet the dr inking water standard for chromium. 
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Incidental—Ingest ion Pathway -  Worst case scenarios for chromium 

ingest ion of on-si te soi ls or acute consumption of black berr ies 

grown on-si te,  may cause exceedance of Al lowable Dai ly Intake 

values for chromium for chi ldren. However, in both these cases 

other exposures, notably inhaled dusts, might be of  greater 

concern to chi ldren accessing this si te.  Analyses of on-si te 

ingest ion scenarios for chi ldren assumes that access to the si te 

wi l l  not be regulated. The quest ion of future si te access must 

be addressed before r isk to chi ldren on-si te can be properly 

evaluated. 

1.4.4 Summary 

Observed groundwater monitor ing results and contaminant t ransport  

model predict ions for hexavalent chromium show levels that would 

present substant ial  and imminent endangerment to publ ic health 

were dr inking water sources developed in the area of the exist ing 

and predicted chromium plume to the south of the FHC s i te.  

Potent ial  endangerment in this area was evidenced by high 

predicted probabi l i t ies of exceeding dr inking water standards for 

Cr+6. However, predicted groundwater concentrat ions enter ing the 

Columbia River over the next 70 years showed extremely low 

probabi l i t ies of v iolat ing dr inking water standards for Cr+6. 

Exist ing potable water sources in the area do not,  and are not 

expected over the 70 year evaluat ion period, to exceed dr inking 

water standards. 

Air  qual i ty model ing results predict  a low probabi l i ty of 

producing unacceptable long-term human exposures and a low 

probabi l i ty of exceeding air  qual i ty standards for chromium, 

nickel or lead over the long term, even on the immediate FHC s i te.  

The model predicted that most of  the airborne transport  is caused 

by vehicular movement on the si te.  Insuff ic ient data were 
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avai lable, however, to evaluate short- term f luctuat ions in 

concentrat ions. The data base was l ikewise insuff ic ient to al low 

a comprehensive assessment of  airborne or incidental  ingest ion 

exposures to individuals ( i .e.  chi ldren) that might access the 

s i te on a regular basis.  Should such access be considered 

reasonable for future uses, removal of  soi ls and industr ial  

residues with high Cr+6 and lead levels might be advisable. 

OBJECTIVES OF REMEDIA1 Af.TTON 

The pr incipal goal for remediat ion act ions at a hazardous waste s i te is 

to al leviate the adverse effects of contaminants from the si te without 

increasing health r isk, causing environmental  degradat ion in surrounding 

areas, or causing inadvertent increases in health r isk or environmental  

degradat ion by unrelated factors. At the Front ier Hard Chrome (FHC) 

s i te the hazardous wastes apparent ly direct ly associated with act iv i t ies 

at the si te are chromium, lead and nickel.  Prel iminary model ing efforts 

and evaluat ions indicate that i f  the chromium degradat ion is al leviated 

to the point where i t  is no longer the cause of health concern, the 

other heavy metals,  lead and nickel,  wi l l  l ikewise not create addit ional 

publ ic health or environmental  concerns. 

During the Remedial  Invest igat ion (RI) the presence of organic 

contaminants was detected and conf irmed on the s i te.  The locat ion of 

most of  these contaminants has led to the conclusion that they may not 

be the result  of  act iv i t ies on the Front ier Hard Chrome s i te,  but are 

more l ikely the result  of  act iv i t ies off-s i te.  Some organic 

contaminat ion ( tetrachloroethylene and acetone) appears to be related to 

onsite act iv i t ies since i t  was encountered under the bui lding. However, 

th is minor organic contaminat ion does not seem to be responsible for the 

organic contaminat ion detected in the groundwater s ince i t  is down 

gradient from the highest organic concentrat ions within the contaminant 

plume as current ly ident i f ied. 
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Alternat ives for groundwater t reatment include treatment processes for 

organics removal.  In addit ion al ternat ives considered for remediat ion 

must be evaluated to assure that they do not exacerbate problems 

surrounding the organic contaminat ion. In other words, remediat ion 

al ternat ives for the inorganic contaminants (chromium, lead, nickel)  

must not create health r isks or increased environmental  degradat ion due 

to release or increased transport  of  the organic contaminants. 

1.5.1 Target Populat ions 

Populat ions placed at r isk from FHC s i te contaminat ion are discussed in 

the Endangerment Assessment (Appendix A) and are described in Sect ion 

1.4. 

Model ing results do not demonstrate unacceptable airborne part iculate 

exposure levels ei ther to the occupat ional residents of the industr ial  

area or to surrounding resident ial  neighborhoods. However, changes in 

land or s i te use could al ter the dust generat ion character ist ics and 

potent ial  receptors suff ic ient ly to provide cause for concern. 

Drinking water standards in the groundwater t ransport  plume extending 

southerly and southwester ly from FHC are exceeded. Potent ial  water 

suppl ies which could be developed within the groundwater plume area 

would have unacceptable concentrat ions of these toxicants and, 

therefore, could create adverse health effects.  The City of Vancouver 

Wel l  Field No. 4 appears l ikely to be out of  the path of transport  of  

the pol lutants from the FHC s i te.  

The improbabi l i ty of  direct ingest ion of soi ls on the FHC s i te or within 

the current ly contaminated area appears to present l i t t le l ikel ihood of 

health problems due to the industr ial  nature of the area and the lack of 

chi ldren which could ingest such soi ls.  Nevertheless, t ransport  of  the 

soi ls and contaminated water during wet per iods by occupat ional 

inhabitants to their  homes must not be ignored even though the r isk 
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presented is very low. The uptake by plants on the s i te of contaminants 

in the soi ls is a potent ial  t ransport  mechanism. The health r isk 

associated with residents consuming blackberr ies appears to be very low. 

Land use changes could expose populat ions (chi ldren) to soi ls,  which i f  

consumed in excess, could present a health concern. 

Transport  of  the FHC pol lutants to the Columbia River by groundwater is 

another route of exposure to aquat ic organisms, and recreat ional users 

of  the water.  Evaluat ions indicate that di lut ion by the River is 

suff ic ient to remove this exposure pathway as a concern. 

Organic contaminants found on the FHC s i te,  but which apparent ly have an 

of f-s i te or igin, are at concentrat ions in the groundwater to cause 

concern for publ ic health i f  the groundwater were used for a domestic or 

industr ial  supply. Remediat ion al ternat ives for the inorganic 

contaminants (chromium, lead, nickel)  must not increase the 

environmental  and publ ic health impacts associated with these organic 

contaminants nor release the organic contaminants to the atmosphere in 

unacceptable concentrat ions. Insuff ic ient data current ly exist  for the 

organic source. Addit ional invest igat ive act iv i ty wi l l  be required as 

part  of  remedial  design to def ine the source(s) of  the organic 
contaminants. 

1.5.2 Remediat ion Object ives 

The overal l  remediat ion object ive for the FHC s i te is to protect the 

publ ic and the environment from the effects of the toxicants introduced 

during the act iv i t ies of FHC. The specif ic remediat ion object ives for 

FHC are summarized in Table 1-2. The fol lowing sect ions describe the 

concerns that are addressed in the FS under each object ive. 
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Protect—Pub! i  c—from Unacceptable Levels of Contaminants in 

Fugit ive Dust and On Si te Soi ls 

Fugit ive dust on the si te should be remediated to reduce the r isk 

to occupat ional workers within the FHC area and on adjacent s i tes. 

The fugi t ive dust containing pol lutants should also be decreased 

for those workers on adjacent s i tes even though they may be 

working in more protected environments where air  handl ing 

faci l i t ies would reduce the amount of  fugi t ive dust in the air .  

Transport  of  pol lutants in the fugi t ive dust to adjacent 

resident ial  populat ions, including the potent ial ly suscept ible 

recipients in enclaves within the resident ial  area, must also be 

addressed. 

Unacceptable air  qual i ty deter iorat ion must not be caused by any 

of  the al ternat ives for remediat ion. For example, t reatment of  

subsurface soi ls and/or groundwaters from areas contaminated with 

organic pol lutants could create air  qual i ty problems i f  proper 

precaut ions are not included. 

Protect Publ ic from Exposure to Unacceptable Levels of Inoraanir 

Contaminants in Current and Potent ial  Publ ic and Industr ial  Matpr 

SUPPI ies 

There are current ly no known users of the contaminated 

groundwaters from the FHC s i te.  Model ing indicates that the 

contaminated plume of groundwater from the si te extends south and 

southwester ly toward the Columbia River.  There is l i t t le,  i f  any, 

r isk of contaminat ion of the present Vancouver Wel l  Field No. 4 

which provides water to a large area of southern Vancouver.  

However, there is potent ial  for development of  new water suppl ies 

for domestic or industr ial  use, and protect ion of the potent ial  

users must be provided. This protect ion could be provided by 
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cleanup of 

al ternat i  ves 

contaminated 

the contaminated waters or 

prevent ing development of  water 

plume area. 

by inst i tut ional 

suppl ies within the 

Protect Publ ic from Unacceptable Levels of  Contaminants in Surfarp 

Waters On Si te and In Columbia River 

Surface waters which accumulate in puddles during rain events may 

contain pol lutants washed from the FHC structure or contained 

within the soi ls surrounding FHC. Reduct ion in the accumulat ion 

of this contaminated water would prevent contaminat ion of c lothing 

and footwear for workers in the area and, in addit ion, would 

prevent t ransport  of  the contaminated water of f-s i te.  

The Columbia River is the receptor for discharges from the 

contaminated aquifer underlying FHC. Pol lutant transport  model ing 

indicates that the pol lutants from FHC wi l l ,  ul t imately,  discharge 

to the River along a several  hundred foot r iver bank reach. Flows 

and turbulence in the River provide signif icant di lut ion, thus 

indicat ing that remediat ion is not required to protect aquat ic 

- l i fe and recreat ional users of  the r iver water.  

Protect Publ ic From Unacceptable Levels of  Contaminants in 

Vegetat ion Originat ing On Si te 

Vegetat ion growing in the contaminated areas could contain 

pol lutants from the si te.  Frui ts,  such as blackberr ies, could 

then become avai lable to local residents who may pick and use the 

blackberr ies thus increasing their  ingest ion of contaminants. 

Based on documented metal  uptake rates in simi lar vegetat ion, i t  

appears unl ikely that any s ignif icant health r isk is presented by 

this potent ial  pathway. 
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5 .  Prevent Increases in Risk from Organic Contaminants Due to Act ions 

To Remediate Risks from Inorganic Contaminants 

The s i te contaminat ion includes inorganics and organics which 

appear to come from di f ferent source locat ions. I t  is possible 

that remediat ion act iv i t ies for inorganic contaminants could 

exacerbate or spread the organic contaminants. Remediat ion 

al ternat ives must address this issue. 

Prevent Further Expansion of the Leachate Plume in Both the Vadose 

and Saturated Zones 

Remedial  a l ternat ives should be developed that include control  of  

plume migrat ion in the event that cleanup of the contaminant plume 

is technical ly impract ical  or exhorbitant ly cost ly.  In addit ion, 

control  of  plume migrat ion may be considered an inter im or short  

term goal under certain proposed remediat ion act iv i t ies. I t  is 

also possible that control  of  plume migrat ion in conjunct ion with 

other remediat ion act iv i t ies and inst i tut ional controls may meet 

publ ic health and environmental  object ives. 
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TABLE 1-1 

FRONTIER HARJ MHK 
SUMART OF DETECTED CONCENTRATIONS 

AIR ACNITORDfi iWLTSIS 
DC IDE THE BJIUIX6 

AIR FILTERS 
JCTALS 

! Hexavalent Total Total 
S Ch rani an Cbraeiun NicXel 

SAOTJNS 
DESIGNATION 

LAB 
HO. 

SAW 
HO. 

SAOTJNS 
DESIGNATION 

LAB 
HO. 

SAW 
HO. 1 uq/filter aq/n3(a) ag/filter ug/«3(a) ug/filter<b) uq/t3(a) 

A-l 98139 IB HA — 1.1 4.23 HO 
A-2 98139 3 HA — 0.9 1.92 HD — 

A-3 (c) 98139 3B HA - 0.8 — HO — 

1 2370 1 HA - 0.6 0.86 HA — 

3 2370 3 HA - 0.5 0.46 NA 
S 2370 3 HA - 1.3 0.94 HA 
6 2370 4 0.2 0.15 HA — HA 
7 2370 7 HA - 0.3 0.37 HA 
9 2370 9 HA - 0.5 0.46 HA 
13 2370 13 HA - 3.3 3.01 HA 
13 2370 16 0.2 0.20 HA — HA 
14 2370 17 HA - 1.2 1.08 HA — 

19 2370 a 0.4 0.36 HA — HA — 

2 

26 ' 

2370 3 HA - ^ * 4*4 2.17 HA — 2 

26 ' 2370 77 HA - 0.7 0.61 HA — 

2 2370 a 0.2 0.16 HA — HA — 

a 2370 2 HA - 1.4 1.27 HA — 

2 2370 30 0.6 0.50 HA — HA _ 
34 2370 35 HA - 0.7 0.96 HA _ 
2 2370 2 HA - 1.1 0.73 HA — 

38 2370 40 0.0? 0.06 HA — HA — 

none 3201 5<b) — — 1 — — __ 
none 3201 6(b) — — 1 — — 

Key.' 

(a) Concentrations of uq per filter were converted to ug/n3 when the detection level was exceeded. 
(b) Detection lieit <0.3 uq per filter. 
(c) Sanole A-3 was 3 blant. 

HA Indicates no analysis performed. 
HI Indicates Concentration not detected. 

Hotel Sanoles A-l through A-3 were collected in Aaqust, 1986. 

Samples 1-41 were collected between January and February. 1987. 
Dion* sanoles were submitted for analysis in rtarch, 1987. 



TABLE 1-2 

REMEDIATION OBJECTIVES: Front ier Hard Chrome Site 

1. To protect the publ ic from exposure to levels of contaminants in 

fugit ive dust and on-si te soi ls which would have adverse health effects.  

2. To protect the publ ic from exposure to levels of inorganic contaminants 

(chromium, lead, nickel)  in current and potent ial  publ ic and industr ial  

water suppl ies which would have adverse health effects.  

3. To protect the publ ic from exposure to levels of FHC contaminants in 

surface waters on the si te and in the Columbia River which would have 

adverse health effects.  

4. To protect the publ ic from exposure to levels of FHC contaminants in 

vegetat ion ( i .e. ,  blackberr ies) or iginat ing from the si te which would 

have adverse health effects.  

5. To prevent increases in health r isk from organic contaminants due to 

act ions to remediate r isks and ef fects from the inorganic contaminants 

from the FHC s i te.  

6. Prevent the further expansion of the leachate plume in both the vadose 

and saturated zones. 
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2.0 IDENTIFICATION AND SCREENING OF RFMFDIAL TECHNOLOGTF.S 

There are numerous technologies avai lable to remediate hazardous s i tes.  

Source control ,  management of  migrat ion,  and receptor control  measures may be 

used s ingular ly or in combinat ion to meet remedial  object ives.  However,  a l l  

avai lable technologies may not  be appropr iate to the Front ier  Hard Chrome 

s i te.  This sect ion summarizes the process used to ident i fy the most 

appropr iate technologies which were then combined into the remedial  act ion 

a l ternat ives to undergo the in i t ia l  prel iminary al ternat ive screening 
descr ibed in Sect ion 3.0.  

The select ion and screening of  potent ia l  technologies involved a four step 

process. F i rst ,  the cr i ter ia for  screening were developed based upon the 

remedial  object ives,  speci f ic  s i te condi t ions,  and contaminant 

character ist ics.  Second, general  response act ions were ident i f ied that 

addressed the s i te problems and met c lean-up goals and object ives.  Possible 

technologies associated wi th each response act ion were then ident i f ied and 

invest igated. Final ly,  these technologies were screened to el iminate those 

which were found to be technical ly unfeasible and inappl icable based upon the 
establ ished cr i ter ia.  

A remedial  technology, as the term is def ined for  feasibi l i ty  studies,  is  any 

act iv i ty which by i tsel f ,  or in combinat ion wi th other act iv i t ies,  can be used 

to mit igate contaminat ion of  the s i te.  Therefore,  technologies that  are 

necessary to support  act iv i t ies,  but do not d i rect ly reduce or remove the 

contaminat ion,  are also evaluated. For example,  d isposal  of  groundwater af ter  

i t  is cleaned up is  an integral  component of  any t reatment process, but  does 

not d i rect ly reduce the concentrat ion of  contaminants.  

2- l  SCREENING CRITERIA AND METHODOI f)GY 

The screening process must be based upon a set  of  cr i ter ia appl icable to 

the techno!ogies that  re late to s i te-speci f ic  condi t ions and the 

contaminants.  The cr i ter ia developed for  ident i f icat ion and screening 
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of technologies are based on relevant technical  cr i ter ia.  In order to 

s impl i fy the screening process for  th is number of  potent ia l  

technologies,  publ ic heal th,  environmental  and cost  cr i ter ia were not 

used at  th is stage, but instead were appl ied in Sect ion 3.0 for  the 

in i t ia l  screening of  remedial  a l ternat ives.  

The cr i ter ia presented below were also based upon guidance provided in 

the Nat ional  Oi l  and Hazardous Substances Cont ingency Plan as revised 

November 20,  1985 as wel l  as a l i terature review and the professional  

judgment of  engineers.  

2.1.1 Remedial  Object ives 

To select  the appropr iate general  response act ions and associated 

remedial  technologies,  the remedial  object ives ident i f ied and presented 

in Sect ion 1.5 were used as cr i ter ia:  

1.  To protect  the publ ic f rom exposure to levels of  contaminants in 

fugi t ive dust and on-si te soi ls which would have adverse heal th 

ef fects.  

2.  To protect  the publ ic f rom exposure to levels of  inorganic 

contaminants (chromium, lead, n ickel)  in current and potent ia l  

publ ic and industr ia l  water suppl ies which would have adverse 

heal th ef fects.  

3.  To protect  the publ ic f rom exposure to levels of  FHC contaminants 

in surface waters on the s i te and in the Columbia River which 

would have adverse heal th ef fects.  

4.  To protect  the publ ic f rom exposure to levels of  FHC contaminants 

in vegetat ion ( i .e. ,  blackberr ies) or ig inat ing from the s i te which 

would have adverse heal th ef fects.  
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5. To prevent increases in heal th r isk from organic contaminants due 

to act ions to remediate r isks and ef fects from the inorganic 

contaminants f rom the FHC s i te.  

6.  Prevent the fur ther expansion of  the leachate plume in both the 

vadose and saturated zones. 

2.1.2 Si te Condit ions and Contaminant Character ist ies 

At the Front ier  Hard Chrome (FHC) s i te the hazardous wastes d i rect ly 

associated wi th act iv i t ies at  the s i te are chromium, lead and n ickel .  

Prel iminary model ing ef for ts and evaluat ions indicate that i f  the 

chromium degradat ion is  al leviated to the point  where i t  is no longer 

the cause of  heal th concern,  the other heavy metals lead and nickel  wi l l  

l ikewise not create addi t ional  publ ic heal th or environmental  concerns.  

Dur ing the Remedial  Invest igat ion (RI)  the presence of  organic 

contaminants in soi ls beneath the bui ld ing and in a groundwater plume 

or ig inat ing north of  the bui ld ing was detected and conf i rmed on the s i te 

(Dames and Moore, 1987).  The geometry of  the organic groundwater plume 

suggests that  i t  has l ikely resul ted from of f -s i te act iv i t ies.  

Model ing resul ts indicate that  the exposure to both the occupat ional  

residents of  the industr ia l  area and to surrounding resident ia l  

neighborhoods from airborne part iculates from the s i te has no 

s igni f icant heal th r isk based on an increased cancer level  of  10"^.  

This is  based on a i r  qual i ty model ing for  fugi t ive dust which indicates 

that  chromium concentrat ions on annual  average are near those acceptable 

for  long term exposures.  The known carcinogenic nature of  chromium as 

an a i r -borne part iculate upon inhalat ion is the basis for  th is 

determinat ion.  

Groundwater concentrat ions of  chromium and, potent ia l ly ,  of  other heavy 

metals generated at  the FHC s i te exceed dr inking water standards in the 
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groundwater leachate plume extending souther ly and southwester ly f rom 

FHC. Whi le no current water supply wel ls are exper iencing increased 

levels of  these const i tuents,  water suppl ies which could be developed in 

the leachate plume area would have unacceptable concentrat ions of  these 

toxicants and, therefore,  could create adverse heal th ef fects.  The Ci ty 

of  Vancouver wel l  f ie ld No. 4 appears l ikely to be out of  the path of  

t ransport  of  the pol lutants from the FHC s i te.  

Transport  of  the FHC pol lutants to the Columbia River by groundwater is  

a route of  exposure to aquat ic organisms and recreat ional  users of  the 

water,  but  prel iminary evaluat ions indicate that  the s igni f icant 

di lut ion by the River is  suf f ic ient  to remove th is as a r isk of  concern.  

There are industr ia l  workers on s i te in direct  contact  wi th the soi ls 

who have the possibi l i ty  of  ingest ion of  the contaminants.  This is  a 

d i rect  heal th and safety issue which is  not a subject  of  CERCLA 

mit igat ion.  The improbabi l i ty  of  d i rect  ingest ion by the general  publ ic 

of  soi ls in the contaminated area appears to present l i t t le l ikel ihood 

of  heal th problems due to the industr ia l  nature of  the area and l imi ted 

access for  chi ldren. Transport  of  contaminated soi l  and water dur ing 

wet per iods by industr ia l  workers to their  homes must not  be ignored 

even though the r isk presented is  very low. The uptake of  contaminants 

by p lants on the s i te in the soi ls is  also a potent ia l  t ransport  
mechani  sm. 

IDENTIFICATION OF GENERAL RFSPONSF ACTIONS 

Using the cr i ter ia establ ished in Sect ion 2.1,  potent ia l  general  

response act ions were screened for  appl icabi l i ty .  First ,  a 

comprehensive l is t  of  general  response act ions wi th technologies 

appl icable for  c lean-up of  the Front ier  Hard Chrome s i te was developed 

from the June 1985 Guidance on Feasibi l i ty  Studies under CERCLA (EPA 

1985a),  the Revised Handbook on Remedial  Act ion at  Waste Disposal  Si tes 

(EPA 1985b),  exper ience on other hazardous s i te projects,  and knowledge 
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of new technologies.  The feasible general  response act ions were 

screeened from th is l is t  and are presented in Table 2-1.  

The next step ident i f ied the categor ies of  remedial  technologies 

associated wi th each response act ion that  were appl icable to the 

Front ier  Hard Chrome Si te and determining the feasibi l i ty  of  achieving 

the remedial  object ives.  The technology categor ies that  were selected 

are also presented in Table 2-1.  Most of  these categor ies contain 

several  d i f ferent technologies that  could be appl icable for  the 

groundwater contaminat ion at  th is s i te.  The potent ia l  technologies that  

were screened are presented in Table 2-2.  

IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

This sect ion explains the act ion categor ies chosen, introduces and 

descr ibes the technologies in each category as out l ined in Table 2-2,  

and presents the resul ts of  the technology screening process using the 

cr i ter ia presented in Sect ion 2.1.  

2.3.1 No Act ion 

No act ion is  not a category of  technologies but a group of  act iv i t ies 

which can be used to address the contaminat ion problem when no 

remediat ion measures,  or  in th is case, no addi t ional  remediat ion 

measures wi l l  be implemented. 

Descr ipt ion:  A long-term monitor ing program would be implemented to 

provide updated informat ion on the migrat ion of  contaminants.  For 

groundwater,  both pr ivate and monitor ing wel ls would be sampled on a 

rout ine basis,  and the program modif ied as the plume changes. The 

monitor ing program would also address surface soi l ,  vegetat ion,  and 

bui ld ing components as wel l  as a i r  qual i ty.  
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In i t ia l—Screeninq: A no-act ion decis ion may be v iable for  some port ions 

of  the Front ier  Hard Chrome s i te.  There are insuff ic ient  grounds at  

th is t ime to dismiss no-act ion as infeasible or inappropr iate,  and in 

keeping wi th the requirements of  the Nat ional  Cont ingency Plan, no-

act ion wi l l  be considered fur ther dur ing the detai led evaluat ions of  

a l ternat ives.  At that  t ime, the acceptabi l i ty  of  the no-act ion 

al ternat ive wi l l  be judged in relat ion to the assessment of  known s i te 

r isks.  

2.3.2 Airborne Pol lut ion Mit igat ion 

Airborne pol lut ion at  the FHC s i te consists of  fugi t ive dusts.  Fugi t ive 

dusts are part iculates that  are l i f ted from the-ground by wind act ion.  

This could occur at  the s i te or the contaminated soi l  could be carr ied 

from the s i te by vehic les to the c i ty streets.  As mud and d i r t  dry,  the 

chromium and other contaminants would be l i f ted into the a i r  by t raf f ic  

and wind. Another a i r  pol lut ion concern is  the generat ion of  dust 

dur ing excavat ion and other construct ion act iv i t ies.  

The ident i f ied response act ions do have the potent ia l  to control  

fugi t ive dust.  However,  each technology group is  not appl icable to each 

dust control  s i tuat ion.  

Fugi t ive dust control  is  pert inent to three di f ferent s i tuat ions:  the 

FHC s i te 's t raf f ic  areas, the topographic depression in the east area, 

and a l l  areas where excavat ion and other construct ion act iv i t ies are 

taking place. Construct ion dust suppression is  covered under Sect ion 

6.2,  Construct ion Considerat ions,  and wi l l  not be discussed here.  The 

fo l lowing table depicts which technology groups are appl icable to each 

of  the remaining two areas of  the FHC s i te.  



Traff ic Topographic 
Technoloqv GrouD Area Deoression 

Paving or Capping X X 
F ixat ion/Sol id i  f icat ion X X 
Surface Soi l  Removal X X 
Revegetat ion - N/A X 
Wind Fences and Screens N/A X 
Physical  & Chemical  Stabi l izer N/A N/A 

The s i te land use is  industr ia l  and most of  the area is  open to t raf f ic .  

Because of  th is factor,  revegetat ion,  and wind fences/screens would not 

be ef fect ive on a major part  of  the s i te.  Vegetat ion would not be 

expected to survive in the t raf f ic  areas. Physical  and chemical  

stabi l izers such as water,  gravel  and calc ium chlor ide are general ly 

considered temporary measures last ing a few hours to as long as one 

month.  Traf f ic  act ion would minimize their  ef fect iveness due to 

breaking the soi l  chemical  crust ;  therefore the physical  and chemical  

s tabi l izers wi l l  not be considered fur ther because of  their  temporary 
nature.  

The topographic depression is  current ly vegetated. Whi le th is area 

would not contr ibute s igni f icant ly to a i r  pol lut ion at  th is t ime, i t  is 

probable that  th is area wi l l  undergo modif icat ion as part  of  the 

selected al ternat ive.  Al l  of  the technology groups would be expected to 

be ef fect ive in meet ing the response object ives for  th is area of  the 
s i te.  

The potent ia l  of  airborne contaminants is  a funct ion of  the surface soi l  

crust .  Appl icable technologies are fur ther reviewed under the fo l lowing 

sect ions:  "Surface Soi l  Treatment" and "Surface Soi l  Removal."  
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2.1 Surface Soi l  Treatment 

Paving or Capping 

Descr ipt ion:  Paving or capping the contaminated soi l  wi l l  

ef fect ively prevent a i r  entrainment of  fugi t ive dust.  This 

method essent ia l ly  provides an impenetratabl  e pavement 

surface that  would prevent airborne contaminants as wel l  as 

preclude penetrat ion of  surface waters.  There are many 

paving and capping techniques, most of  which ut i l ize 

layer ing of  d i f ferent mater ia ls.  Paving can be of  

bi tuminous asphal t  concrete or port land cement concrete.  

General ly for  t raf f ic  areas, th is consists of  a wel l  

compacted subgrade, an aggregate course and then at  least  

one surface course of  e i ther asphal t  concrete or port land 

cement concrete.  The design th ickness of  each layer is  

determined by the expected t raf f ic  loads. 

For nontraf f ic  areas l ighter duty paving membranes may 

suf f ice.  Sprayed bi tuminous membranes, general ly one 

quarter- inch th ick,  require special ,  equipment for  

appl icat ion.  The asphal t  is  blown hot wi th a phosphor ic 

catalyst ,  and sol id i f ies as i t  cools.  These membranes may 

be re inforced by polypropylene fabr ic under l ines.  They may 

a lso be prefabr icated as bi tumen-coated f iber mats 

reinforced with jute or hemp. 

For chemical ly severe surface environments,  sprayed sul fur  

membranes are re lat ively new products that  can subst i tute 

for  asphal t  or  cement d isposal  s i te covers.  

Capping can be a s ingle layer of  re lat ively impermeable and 

erosion resistant mater ia l  such as c lays and s i l ty  clays.  

For example,  bentoni te is  a natural  c lay,  composed pr imari ly 
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of montmori11oni te,  which is  extremely f ine-grained and 

absorbent.  I ts  high swel l ing propert ies make i t  sui table 

for  mixing wi th soi l  and water to produce a low permeabi l i ty  

cover layer for  waste s i tes.  Any c lay cover layer must be 

kept moist  to avoid cracking. This is  usual ly accompl ished 

by cover ing wi th another soi l  layer in which shal low-root ing 

vegetat ion is  planted. 

Flexible synthet ic membranes include cover l iner mater ia ls 

made of  poly-v inyl  chlor ide (PVC),  chlor inated.polyethylene 

(CPE),  ethylene-propylene rubber,  buty l  rubber,  hypalon and 

neoprene (synthet ic rubbers),  and e last ic ized polyolef in.  

Thin sheets are avai lable in sect ions of  var iable width,  and 

the sheets are over- la id and spl iced in the f ie ld according 

to manufacturer 's speci f icat ions.  Special  welding 

techniques, adhesives,  and sealants are used to ensure l iner 

integr i ty.  

Capping using c lay,  a synthet ic membrane or  sprayed membrane 

wi l l  usual ly require a layered system. Layer ing is  an 

ef fect ive technique that  combines layers of  d i f ferent 

mater ia ls that  serve integrated funct ions -  support  of  

vegetat ion,  protect ion of  barr ier  layers or membranes and 

control  of  water inf i l t rat ion.  The requirements of  RCRA 

deem that  such a layered system be instal led for  covers on 

landf i l ls .  A typical  layered cover system may be composed 

of  the fo l lowing layers:  

.  Topsoi l  

.  Drainage layer 

.  Barr ier  layer or membrane 

.  Buffer layer 

.  Contaminated Soi l  
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In i t ia l  Screening: Traf f ic  areas at  the FHC s i te would 

require the durabi l i ty  of  the asphal t  concrete or port land 

cement concrete paving. Concrete and bi tuminous paving is  

vulnerable to cracking and chemical  deter iorat ion,  but the 

cracks can be exposed, c leaned, and repaired (sealed wi th 

tar)  wi th relat ive ease. Concrete covers may have a design 

l i fe of  about 50 years.  Asphal t  has a design l i fe of 20 

years.  Any other techniques would d is integrate under the 

ant ic ipated t raf f ic  loads which would be imposed. Whi le the 

f inal  disposi t ion of  the topographi  c depression is  

undetermined i t  is possible to use any of  the techniques 

ment ioned in th is area. The exot ic sul fur  covers are not 

warranted by the type of  contaminat ion at  FHC. Sprayed or 

synthet ic membranes would not be durable enough for  

considerat ion wi thout a cover ing layer of  vegetated top 

soi l .  A major advantage of  th is technique is  that the new 

vegetat ion would be isolated from the contaminated soi l .  

Plast ic and rubber membranes are vulnerable to tear ing,  

oxidat ion,  burrowing animals and p lant roots.  Even though 

they require special  placement and cover ing procedures th is 

method may be appl icable on some areas of  the s i te.  A 

maximum design l i fe of 20 years is  recommended for  most 

synthet ic membranes. Asphal t ,  Port land Cement Concrete and 

Layered Cover Systems are cover mater ia ls that  have been 

retained for  fur ther considerat ion.  

Fixat ion/Sol i  d i  f i  cat i  on 

Descr ipt ion:  These techniques physical ly or chemical ly 

contain contaminants in a matr ix.  When that  matr ix is  sol id 

and structural ly very strong i t  is ef fect ive in reducing a i r  

borne contaminat ion.  A complete descr ipt ion of  

f ixat ion/sol id i f icat ion techniques is  covered under Surface 

Soi l  Mi t igat ion,  paragraph 2.3.3.1-B. 
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I  n ̂  "* a  ̂ —Screening: These methods were considered 

technical ly feasible and wi l l  be considered fur ther.  

Revegetat ion 

Descr ipt ion:  The establ ishment of  a vegetat ive cover may be 

a cost-ef fect ive method to stabi l ize the surface of  the FHC 

s i te 's topographic depression when preceded by surface 

seal ing and grading. Because exist ing vegetat ion in the 

area may be contaminated, removal  may be required. Part  of  

th is remedial  response then would be to revegetate the area, 

providing that the new vegetat ion would not become 

contaminated. Revegetat ion decreases erosion by wind and 

water and contr ibutes to the development of  a natural ly 

fer t i le and stable surface environment.  Also,  the technique 

can be used to upgrade the appearance of  the FHC s i te.  

Long-term vegetat ive stabi l izat ion general ly involves the 

plant ing of  grasses, legumes, and shrubs. Grasses such as 

fescue and lovegrass provide a quick and last ing ground 

cover,  wi th dense root systems that  anchor soi l  and reduce 

wind erosion. Legumes ( lespedeza, vetch,  c lover,  etc.)  

store ni t rogen in their  roots,  enhancing soi l  fer t i l i ty  and 

assist ing the growth of  grasses. Shrubs such as br ist ly 

locust and autumn ol ive also provide a dense surface cover.  

In i t ia l—Screenino: Combined wi th some type of  surface seal ,  

revegetat ion is  very ef fect ive at  reducing a i r  pol lut ion 

from dust and part iculate,  surface water pol lut ion and 

ingest ion of  pol lutants from soi l  and p lants.  There are,  

however,  smal l  burrowing animals in the area who may break 

the seal  in places. Proper select ion of  plant species is  
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imperat ive to avoid the need for  excessive care and 

i r r igat ion.  This mit igat ion method was retained for  fur ther 

considerat ion.  

2.3.2.2 Surface Soi l  Removal 

Descr ipt ion:  Surface soi l  removal  would be fo l lowed by disposal ,  

e i ther on-si te or of f -s i te;  or by t reatment.  This method would 

address not only contaminated soi l  and airborne pol lutants but 

a lso leaching to groundwater,  surface water runoff  contaminat ion 

and ingest ion of  contaminated soi l  and vegetat ion.  Consequent ly 

th is remedial  technology is  covered fu l ly  under Surface Soi l  

Mit igat ion,  paragraph 2.3.3.2 -  Suface Soi l  Removal.  

In i t ia l  Screening: The removal  of  contaminated surface soi l  would 

meet the remedial  object ive of  a i r  pol lut ion mit igat ion.  I t  wi l l  

be fur ther considered for  a i r  pol lut ion as wel l  as other pathways 

associated wi th contaminated soi l .  

2.3.2.3 Wind Fences and Screens 

Descr ipt ion:  In an area such as the topographic depression where 

there is  no vehicular t raf f ic ,  wind screens or fences can reduce 

a i r  entrainment of  part iculates.  Screens of  vegetat ion or fence 

mater ia ls which are re lat ively impermeable to wind wi l l  def lect  

the wind f rom the surface soi ls.  

In i t ia l—Screen i  no: The wind screens would be ef fect ive in 

reducing the export  of  part iculates from the s i te provided wind 

was only moderate and that  no t raf f ic  was al lowed wi th in the 

area. The FHC s i te is a re lat ively windy s i te without a 

prevai l ing wind di rect ion.  Given the d i f f icul ty of  ef fect ively 

screening the wind at  the s i te,  th is technology was e l iminated 

from further considerat ion.  
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2.3.3 Surface Soi l  Mit igat ion 

The contaminated surface soi l  at  the FHC s i te may contr ibute to leaching 

of  contaminants to the groundwater,  surface water runoff  contaminat ion 

as wel l  as d i rect  ingest ion of  contaminants.  Surface soi l  mit igat ion 

act ions are s imi lar  to those appropr iate for  a i r  pol lut ion mit igat ion.  

They include paving or capping, f ixat ion/sol id i f icat ion,  revegetat ion 

and surface soi l  removal .  

2.3.3.1 Surface Soi l  Treatment 

A. Paving or Capping 

Descr ipt ion:  This remedial  act ion technology was discussed 

under a i rborne mit igat ion,  paragraph 2.3.2.1.A. For surface 

soi l  contaminat ion the permeabi l i ty  of  the paving or capping 

must be very low. 

In i t ia l  Screenina: Al l  of  the speci f ic  technologies 

descr ibed can meet the appropr iate response object ives and 

wi l l  be considered fur ther.  

B. Fixat ion/Sol id i f icat ion 

Descr ipt ion:  The object ive of  f ixat ion and sol id i f icat ion 

processes is  to contain contaminants physical ly or 

chemical ly in a sol id matr ix.  To control  dust ,  the process 

must resul t  in soi l  that  is  a sol id,  stable mater ia l .  Some 

of  the techniques resul t  in a sol id,  stable mater ia l  which 

can be used for  th is s i tuat ion,  whereas others resul t  in a 

f r iable,  soi l - l ike mater ia l  that  would require cover ing to 

prevent a i r  entrainment of  dust and part iculates.  
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A very common and accepted method of  soi l  stabi l izat ion is 

to add asphal t ,  port land cement or  f ly  ash to the 

contaminated soi l  to create stronger soi l  bonds and reduce 

dust and part iculates.  

Port land cement or  asphal t  is  sui table for  mixing wi th sandy 

soi ls to stabi l ize and waterproof the soi ls.  Si te-speci f ic  

mixing, spreading and compact ing procedures are required. 

For a soi l -cement cover,  approximately 8 percent (by weight)  

dry cement is  blended into the soi l  wi th a rotary hoe or 

t i l ler  as water is  added. Intermit tent  spr inkl ing over 

several  days may be required before compact ion and 

sol id i f icat ion are achieved. 

Cover soi ls may a lso be t reated wi th l ime and/or f ly  ash, 

which contr ibute pozzolonic (cement ing) propert ies to the 

resul t ing mixture,  opt imize the grain s ize distr ibut ion and 

reduce shr ink/swel l  behavior.  Lime appl ied as calc ium oxide 

or hydroxide is  sui table for  cement ing c layey soi ls.  Lime 

would not then be considered appropr iate for  the FHC surface 

soi ls.  Sands and gravels are more sui table for  combined 

l ime and f ly  ash (pozzolonic)  t reatment than are c lays.  

Rotary t i l ler  mixing fol lowed by water addi t ion and 

compact ion is  the general  appl icat ion sequence for  these 

mixtures.  Also,  addi t ions of  l ime are recommended for  

neutral iz ing acidic cover soi ls,  thereby reducing the 

leaching potent ia l  of  heavy metals.  I f  a synthet ic l iner is  

present,  l iner l i fe can be prolonged by l ime addi t ion to 

support ing soi l .  

Fly ash can be used as a cover soi l  addi t ive and as a cover 

layer i tsel f .  Essent ia l ly  a s i l t  wi th pozzolonic qual i t ies,  

f ly  ash condenses as a boi ler  emission at  coal- f i red power 
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plants and col lects on e lectrostat ic precipi tators.  Fly ash 

is  usual ly modif ied by addi t ions of  l ime before 

incorporat ion into soi l  cover.  

There are also a number of  chemical  s tabi l izat ion methods, 

some propr ietary,  which have been formulated for  hazardous 

wastes.  These methods of ten are cement,  l ime or pozzolonic 

based wi th special  chemical  addi t ives.  

Besides prevent ing entrainment of  part iculates in a i r ,  these 

methods may a lso prevent erosion by water,  l imi t  other 

solubi l i ty  of  the contaminant and/or detoxi fy the 

contaminant.  Not a l l  methods at tempt to meet a l l  of  these 

goals.  General ly the pr imary goal  of  these methods is  to 

prevent leaching of  contaminants.  A more complete 

descr ipt ion of  the propr ietary methods is  included under 

Subsurface Soi l  Mit igat ion,  paragraph 2.3.4.3.B. 

In i t ia l  Screening: Soi ls modif ied by addi t ions of  asphal t ,  

cement,  l ime or f ly  ash become r ig id and suscept ib le to 

cracking and d is integrat ion due to sett lement,  f reeze-thaw 

stresses or t raf f ic .  Because of  th is these methods are 

unsui table for  t raf f ic  areas. In other non-traf f ic  areas 

the l imi ted long term durabi l i ty  would require maintenance 

and replacement over the 30 year design per iod.  Lime 

sol id i f icat ion would potent ia l ly  contr ibute to the airborne 

contaminant problem as i t  dr ies in the sandy surface soi l  

and becomes a i r  entrained. Therefore except for  l ime 

sol id i f icat ion al l  other methods wi l l  be retained for  fur ther 

considerat ion.  
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C. Revegetat ion 

Pescr ipt ion:  Revegetat ion technology is  descr ibed under 

sect ion 2.3.2. I .C. 

In i t ia l—Screening: As a technology for  control l ing 

migrat ion of  contaminants f rom the surface soi l ,  

revegetat ion is  of  l imi ted ef fect iveness. Water wi l l  

cont inue to percolate through the soi l  column, so leaching 

to the groundwater is  l ikely.  Surface water runoff  l ikewise 

provides a pathway for  contaminant t ransport .  Vegetat ion 

could become contaminated wi th chromium and contr ibute to 

the potent ia l  for  ingest ion.  Consequent ly th is technology 

is  not able to meet the remedial  object ives of  soi l  

contaminant t ransport  mit igat ion.  I t  wi l l  not be considered 

fur ther for  th is object ive.  

2.3.3.2 Surface Soi l  Removal 

Descr ipt ion:  Excavat ion of  the contaminated soi l  is  the basic 

removal  technology. A bul ldozer or motor scraper would l ikely be 

ut i l ized to excavate and stockpi le the surface soi l .  Contaminated 

surface soi l  removal  has three disposal  possibi l i t ies:  

.  Off-s i te 

.  On-si te 

.  Treatment and replacement 

Removal and of f -s i te disposal  is  not a favored technology under 

the 1986 Superfund Amendment and Reauthor izat ion Act (SARA);  

however,  i t  is a feasible technology and therefore wi l l  be 

considered fur ther.  The second al ternat ive is to dispose on the 

FHC s i te in a regulated landf i l l  or  vaul t .  A th i rd opt ion is  to 
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t reat  the soi l  and replace i t .  Use of  these methods would also 

prevent a i r  pol lut ion as wel l  as surface water pol lut ion and 

ingest ion of  contaminated soi l  and vegetat ion.  A landf i l l  of  

adequate capaci ty could conceivably be constructed on s i te.  This 

landf i l l  would be double l ined, wi th leachate col lect ion and an 

impermeable cap. I f  the soi l  is  removed f rom the FHC s i te for  

disposal ,  the surface excavat ion would have to be ref i l led with 

c lean f i l l .  

Removal and t reatment of  surface soi l  is  an a l ternat ive which 

el iminates requirements for  ongoing maintenance of  a contaminated 

soi l  landf i l l .  I t  may a lso contr ibute to the FHC s i te being 

acceptable for  a broader range of  future uses. General ly the 

chromium contaminat ion is  readi ly t reatable by a var iety of  

methods. On-si te t reatment involves set t ing up a temporary 

t reatment faci l i ty  and pr ior  t reatabi l i ty  p i lot  studies may be 

required. 

The soi l  must be f i rst  leached or washed to capture the 

contaminant into an aqueous phase which is  separated from the 

soi l .  The l iquid can subsequent ly be t reated by physical ,  

chemical  or  b io logical  t reatment.  The t reatment technologies most 

appl icable to chromium would be chemical  reduct ion,  precipi tat ion,  

ion exchange and reverse osmosis.  Carbon adsorpt ion and a i r  

str ipping are common methods for  removal  of  organic contaminants.  

A more detai led discussion of  soi l  t reatment is  included under 

Subsurface Soi l  Mi t igat ion,  paragraph 2.3.4.4.  Leached water 

t reatment is  included under Groundwater Mit igat ion,  paragraph 

2.3.6.5.  

In i t ia l  Screening: Surface soi l  removal  is  easi ly accompl ished 

because of  the relat ively shal low depth of  excavat ion required. 

More d i f f icul t  is  disposal .  On-si te disposal  wi thout t reatment 

would require a regulated landf i l l .  The space required could be 

2 - 1 7  



accommodated. Off-s i te disposal  would be accompl ished under 

st r ict  regulat ions for  the disposal  of  hazardous waste and sol id 

waste.  However at  th is point ,  removal  and disposal  e i ther on or  

of f -s i te wi l l  be retained for  considerat ion.  

This method of  surface soi l  mit igat ion wi l l  be retained for  

considerat ion based on t reatment technologies discussed under 

Subsurface Soi l  Mit igat ion.  

2.3.4 Subsurface Soi l  Pol lut ion Mit igat ion 

Mit igat ion of  the contaminants in the subsurface soi l  can be 

accompl ished ei ther in s i tu or by removal  of  the contaminated soi l .  In 

s i tu methods include f ixat ion and soi l  washing techniques. Al l  other 

technologies require removal  of  the contaminated subsurface soi l .  The 

surface soi l  removed for  access to the subsurface soi l  would be handled 

or t reated as subsurface soi l .  Removal would be fo l lowed by t reatment 

to replace and/or dispose. 

2.3.4.1 Soi l  Removal for  Treatment 

Descr ipt ion:  Removal of  the contaminated subsurface soi ls would 

address major remedial  object ives for  the FHC s i te.  By using 

current excavat ion and/or mining technology the contaminated soi ls 

would be removed, thereby el iminat ing speci f ic  contaminated soi l  

and fur ther groundwater contaminat ion v ia the leaching process. 

Remedial  Invest igat ion data reveals a subsurface soi l  

contaminat ion zone center ing near the old drywel l  on the FHC s i te 

and also extending under nearby bui ld ings.  

Removal of  the soi l  to the bottom of  the upper conf in ing clay 

layer could be accompl ished in the eastern hal f  of  the zone, but  

excavat ion in the western hal f  of  the area would be hampered by 

the Front ier  Hard Chrome and Richardson bui ld ings.  Much of  the 
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f i l l  in the eastern part  of  the contaminated zone is  construct ion 

f i l l  consist ing part ia l ly  of  rubble and debr is.  

Excavat ion and moving the soi l  for  storage and t reatment wi l l  

require the use of  earth moving machinery (backhoe, cranes, drag 

l ine,  clam shel ls,  dozers and loaders).  The regions under the 

bui ld ing could be removed by mining and shor ing techniques. 

Removal of  the soi l  would be the f i rst  step in a process to 

remove, c lean and restore the soi l  or  to remove and landf i l l  i t .  

I n i t i a l — S c r e e n i n g :  R e m o v a l  o f  t h e  h i g h l y  c o n t a m i n a t e d  p o r t i o n  o f  

t h e  s o i l  w i l l  s u b s t a n t i a l l y  d e c r e a s e  t h e  s o u r c e  o f  f u r t h e r  

c o n t a m i n a t i o n  o f  t h e  g r o u n d w a t e r .  T h e  t e c h n i q u e s  f o r  e x c a v a t i n g  

a n d  m o v i n g  t h e  s o i l  f o r  s t o r a g e  a n d  t r e a t m e n t  a r e  w e l l  k n o w n .  

H o w e v e r ,  m i n i n g  t h e  c l a y  l a y e r  u n d e r  t h e  b u i l d i n g  w o u l d  b e  

d i f f i c u l t  a n d  h a z a r d o u s ,  p a r t i c u l a r l y  i n  t h e  m i n i n g  a r e a s  c o v e r e d  

b y  c o n s t r u c t i o n  f i l l .  A l s o  r e c o m p a c t i o n  u n d e r  t h e  b u i l d i n g  w o u l d  

n o t  b e  f e a s i b l e .  1  

Mining under the bui ld ing is el iminated from considerat ion,  

however convent ional  excavat ion of  the subsurface soi ls was 

retained for  fur ther considerat ion.  

2.3.4.2 Disposal  

A. On Si te Disposal  

Descr ipt ion:  The c lay layer constraining the upper part  of  

the upper aqui fer  is  heavi ly contaminated wi th chromium. 

The t r ivalent chromium species,  which is  the largest part ,  

shows considerable resistance to desorb f rom the c lay.  This 

tendency can be diminished wi th the use of  oxidiz ing agents,  

to change the t r ivalent to hexavalent chromium which desorbs 
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readi ly.  The contaminat ion level  in the c lay af ter  th is 

treatment wi l l  be less,  but most l ikely st i l l  s igni f icant.  

This contaminated soi l  could be disposeo of  by creat ing a 

regulated landf i l l  on the s i te.  

A regulated landf i l l  on the s i te would require removing the 

vegetat ion and smoothing the surfaces. A double l iner 

system and a leachate monitor ing and col lect ion system must 

be instal led and the top must be capped. 

Another method of  on-si te disposal  would be the construct ion 

of  a vaul t .  Vaul ts usual ly require an excavat ion below the 

grade in which a concrete box- l ike structure is  constructed. 

The box (vaul t )  can be rectangular or  c i rcular in plan. A 

l iner system with a leak detect ion and leachate col lect ion 

system is placed inside the vaul t .  The contaminated soi ls 

or mater ia ls are then excavated from the s i te and placed and 

compacted in the vaul t .  A low permeabi l i ty  cap or membrane 

cover is  then placed over the top of  the vaul t  to prevent 

surface inf i l t rat ion.  The s i te is  then backf i l led to the 

surface and graded to control  run-on, runoff ,  and drainage. 

A vegetat ive cover can also be added for  stabi l i ty  and 

erosion control .  As wi th the landf i l l ,  i t  would require a 

long-term groundwater and leak detect ion monitor ing program. 

Both of  these methods are feasible and involve convent ional  

technology and therefore were retained for  addi t ional  

considerat ion 

Off-Si te Disposal  

Descr i  pt  i  on :  Off-s i te disposal  has two al ternat ives.  

First ,  when the contaminated soi l  has been t reated and is  

nei ther dangerous (DW) or  extremely hazardous (EHW) under 
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Chapter 173-303 WAC, the t reated soi l  can be disposed of  at  

an appropr iate landf i l l  under the provis ions of  Chapter 173-

304 WAC. Soi l  which designates as e i ther DW or  EHW must be 

disposed of  in a RCRA and Chapter 173-303 WAC permit ted of f -

s i te treatment,  storage or disposal  (T,  S & D) faci l i ty .  

In i t ia l  Screening: Off-s i te disposal  of  hazardous mater ia ls 

is  becoming increasingly d i f f icul t  because of  increasing 

inst i tut ional  control  of  th is technology. The nearest  

permit ted RCRA landf i l l  is  located in Ar l ington, Oregon at  a 

d istance of  approximately 140 mi les.  Whi le th is technology 

is  not favored under SARA, i t  is technical ly feasible and 

wi l l  be retained at  th is t ime for  fur ther considerat ion.  

2.3.4.3 Fixat ion and Stabi l izat ion/Sol id i f icat ion 

The object ive of  th is method of  mit igat ing subsurface soi l  

contaminat ion is  to physical ly or chemical ly contain contaminants 

in a sol id matr ix in order to prevent fur ther leaching into 

groundwater.  This method is  general ly accompl ished by excavat ion 

of  the soi l  fo l lowed by mixing wi th stabi l izers.  Some stabi l iz ing 

chemicals can be d i rect ly in jected into the soi l  in place. 

A. Gener ic Methods 

Descr i  pt  ion:  There are four general  approaches to 

sol id i f icat ion of  contaminated soi l :  

-  Port land Cement 

-  Pozzolonic/Lime 

-  Asphal t ic  

-  Organic Polymer Binding 
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Of these organic polymer binding has general ly been found to 

be inef fect ive in f ixat ion of  metal  wastes.  The other three 

methods are appl icable to metals contaminated soi l  

sol id i f icat ion and require a removal  and t reatment 

procedure.  

Cementat ion has been used to t reat  inorganic waste streams 

wi th Port land cement.  This sol id i f icat ion technology is  the 

least  sensi t ive to waste var iabi l i ty .  The end product may 

be a standing monol i th ic sol id or may have a crumbly,  soi l  -

l ike consistency, depending upon the amount of  cement added. 

Cement sol id i f icat ion is most sui table for  immobi l iz ing 

metals because at  the pH of  the cement mixture,  most 

mult ivalent cat ions are converted into insoluble hydroxides 

or carbonates.  However,  metal  hydroxides and carbonates are 

insoluble only over a narrow pH range and are subject  to 

solubi l izat ion and leaching in the presence of  even mi ld ly 

acidic leaching solut ions (e.g. ,  ra in) .  Port land cement 

a lone is  also not ef fect ive in immobi l iz ing organics.  

Pozzolonic cementat ion uses a s i l iceous mater ia l  together 

wi th l ime, cement,  gypsum and other sui table set t ing agents.  

Many of  the avai lable processes use propr ietary addi t ives 

and c la im to stabi l ize a broad range of  compounds f rom 

divalent metals to organic solvents.  The basic react ion is  

between the s i l icate mater ia l  and polyvalent metal  ions.  

The sol id i f ied product is  more porous than the one wi th 

Port land cement.  The product var ies from a moist ,  c lay- l ike 

mater ia l  to a hard-dry sol id s imi lar  in appearance to 

concrete.  
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The s i l icate mater ia l  which is  added in the waste may be 

f ly-ash, blast  furnace slag or other readi ly avai lable 

pozzolonic mater ia ls.  Soluble s i l icates such as sodium 

s i l icate or potassium s i l icate are also used. The 

polyvalent metal  ions which act  as in i t iators of  s i l icate 

precipi tat ion and/or gelat in izat ion come e i ther from the 

waste solut ion,  or an added set t ing agent,  or  both.  

Asphal t ic  binding is sui table for  heavy metal  or  

electroplat ing wastes.  This would be appl icable to the FHC 

s i te.  Relat ive to the cement sol id i f icat ion,  the increase 

in volume is  s igni f icant ly less and the rate of  leaching 

s igni f icant ly lower.  Also,  asphal t ic  mixtures are l i t t le 

affected by e i ther water or  microbial  at tack.  

Asphal t ic  sol id i f icat ion requires special ty equipment and 

h ighly t ra ined operators to heat and mix the wastes and 

sol id i f ier .  The common range of  operat ing temperatures is  

130° to 230°C. The energy intensi ty of  the operat ion is  

increased by the requirement that  the wastes be thoroughly 

dr ied before sol id i f icat ion.  

In i t i  al—Screenino: Except for  organic polymer these 

sol id i f icat ion methods are able to f ix  and retain heavy 

metal  contaminants such as are found at  the FHC s i te.  These 

methods require that  the subsurface c lay strata be excavated 

and t reated except for  in s i tu systems which are not proven. 

Except for  organic polymer binding, these technologies were 

retained for  fur ther considerat ion.  

Propr ietary Technologies 

Descr ipt ion:  There are several  propr ietary technologies 

which are enhancements for  speci f ic  pol lutants of  basic 
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f ixat ion/sol id i f icat ion techniques ut i l iz ing cement,  l ime 

and f ly  ash addi t ives.  The propr ietary methods use 

addi t ional  chemical  addi t ives and usual ly at tempt to target 

speci f ic  pol lutants to immobi l ize.  There are many 

propr ietary methods by vendors including R.F. Weston, Lopat 

Industr ies,  Chiyoda CTG, Si l icate Technologies,  Envir i te,  

Chemfix and American Toxic Waste.  Except for  American Toxic 

Waste which is  appl icable by in s i tu in ject ion,  a l l  these 

technologies require a removal  and t reat  procedure.  These 

are summarized br ief ly herein.  

Weston Services,  Inc.  has developed a method of  

sol id i f icat ion using admixtures of  soi ls and addi t ives 

including cement,  f ly  ash and West-on's propr ietary 

chemicals.  The method is  reported to be ef fect ive for  heavy 

metals such as chromium, n ickel  and lead. 

Lopat has developed a propr ietary product cal led the K-20 

lead- in-sfoi l  Control  System. K-20 is  a two part  compound 

that  chemical ly and physical ly interacts wi th the aid of  

speci f ic  f ixat ive agents,  such as l ime, cement,  or  cement 

k i ln dust,  to immobi l ize toxic metals.  K-20 achieves i ts  

control  by 1) interpenetrat ing the soi l  substrate to form a 

polymer seal  inside the pores of  the cement i t ious mater ia l ,  

2)  f ixat ion of  toxic metals by precipi tat ion of  the metals 

as insoluble s i l icates,  and 3) encapsulat ion of  the 

precipi tated metals into a cement i t ious matr ix.  The 

manufacturer c la ims that  i t  has been successful ly appl ied to 

incinerator and k i ln ashes, furnace s lags, metal  salvage 

wastes,  s ludges and soi ls.  

Chiyoda Internat ional  Corporat ion markets a soi l  

stabi l izat ion process cal led the CTG system. The technology 

cal ls for  the addi t ion of  Port land cement,  gypsum, and 
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f inely ground i ron-based slag mater ia l  to contaminated 

soi ls.  This process absorbs contaminated water and other 

l iquid contaminants in the soi ls admixture and dr ives of f  

excess moisture to a sol id i f ied/stabi l ized mass. The 

process works best in semi-aqueous mater ia ls because the end 

product contains a stabi l ized hydrate.  Chiyoda reported 

that  th is process would work wel l  in stabi l iz ing chromium 

and other metals.  

Si l icate Technologies have developed a method of  

sol id i f icat ion/stabi  1 izat ion using s i l icate addi t ives to 

produce a soi ls admixture.  Their  addi t ive is  "Soi lsorb HM", 

which when mixed chemical ly binds the metals in the matr ix.  

The mater ia l  must be excavated and mixed in a pug mi l l  and 

then redeposi ted in the ground. The mixture is  typical ly 

15 percent of  addi t ive by weight to soi l ;  the admixture 

takes 24 hours to set up to a matr ix having a compressive 

strength of  about 500 psi .  

Envir i te markets a propr ietary sol id i f icat ion/stabi l izat ion 

process that  has been successful ly appl ied to metals 

contaminated mater ia ls.  The process incorporates both 

cement based and pozzolonic based addi t ives in their  

mixtures.  The Envir i te Laboratory provides test ing to 

determine the mixture type and addi t ive rat ios that resul t  

in the opt imum stabi l ized end product.  The laboratory 

test ing and analysis wi l l  require approximately 2 to 4 weeks 

to complete.  

Chemfix,  Inc.  uses cements and s i l icates in i ts  

sol id i f icat ion process. The large volume of  contaminated 
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soi l  at  FHC would al low considerat ion of  th is process 

al though based in Louis iana. The company reports good 

resul ts wi th metals ut i l iz ing this method. 

American Toxic Waste uses an auger machine to dr i l l  down to 

the contaminated stratum and then in ject  and mix chemicals.  

This is  an in s i tu method which can t reat  chromium with a 

l ime s lurry as wel l  as control  organics through air  

str ipping. Each dr i l l ing process t reats a 7 '  radius.  The 

process increases the soi l  volume resul t ing in a net  

increase in s i te elevat ion.  The system has apparent ly not 

yet  been used on metals having been used on organic 

pol lutants only once. Pi lot  test ing would be required 

before th is method could be considered. 

In i t ia l  Screening: Al l  of  these propr ietary methods have 

the potent ia l  to meet the response object ive of  protect ing 

groundwater and surface water qual i ty.  The technologies are 

reported to be ef fect ive with chromium contaminat ion.  

Descr ipt ions of  the processes general ly support  th is 

conclusion. They wi l l  be considered fur ther in th is 

Feasibi l i ty  Study. 

2.3.4.4 Contaminant Extract ion 

A. Soi l  Washing and Leaching ( in s i tu)  

Organic and inorganic contaminants can be washed f rom 

contaminated soi ls in place by using water,  or  aqueous 

solut ions of  acids,  bases, chelat ing agents,  oxidiz ing 

agents or  surfactants.  The contaminants are f lushed into 

the groundwater and col lected with the elutr iate to be 

t reated in s i tu or remotely (see Water Treatment,  paragraph 

2.3.6.5).  A major part  of  the chromium contaminant has been 
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adsorbed near the lower surface of  the upper c lay conf in ing 

layer.  The conduct iv i ty of  th is c lay layer is  on the order 

of  10 7 to 10 8 cm/sec. Some current soi l  washing 

technologies are discussed herein.  

Solut ion Mining 

Descr ipt ion:  Solut ion mining is  the process of  using an in-

place chemical  wash to remove metals f rom surrounding soi ls.  

Di lute solut ions of  acids have been widely used to extract  

metal  ions.  Chelat ing agents,  such as c i t r ic  acid or 

d iethylenetr iaminepentacet ic acid are commonly used in 

solut ion mining for  metals.  Oxidiz ing agents can be used to 

mobi l ize the chromium ions by oxidiz ing the t r ivalent 

chromium into hexavalent chromium which desorbs more 

readi ly.  

Surfactants can be used to improve the ef fect iveness of  

contaminant removal  by improving the detergency of  the 

aqueous solut ion.  

In i t ia l—Screening: Because the c lay has such a low 

permeabi l i ty ,  the only means of  put t ing the f lushing 

solut ions in contact  wi th the contaminated zone is  through 

the aqui fer .  This at  best reaches only the outer surfaces 

of  the contaminated c lay.  Removal of  contaminant f rom the 

outer surface wi l l  induce some migrat ion of  inner chromium 

to the outer surface. Because the t r ivalent chromium is 

resistant to desorbt ion,  the overal l  ef fect  wi l l  be minimal.  

Solut ion mining does not warrant fur ther considerat ion.  
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Reduct ion 

Descr ipt ion:  Reduct ion is  a process whereby a chemical  is  

added to change the valence of  a d issolved metal  to modify 

desorbt ion or precipi tat ion tendencies.  The chromium 

contaminant found in the subsurface soi l  is  in two forms; a 

t r ivalent and a hexavalent form. The hexavalent form 

desorbs readi ly from clay,  such as is  found in the c lay 

layer conf in ing the upper aqui fer .  The t r ivalent form, 

however,  is  resistant to desorpt ion and c l ings tenaciously 

to the c lay.  Desorpt ion tests accompl ished dur ing the 

Remedial  Invest igat ion showed that  wi th only a water 

washing, almost a l l  of  the hexavalent chromium could be 

desorbed, but only 2-3% of  the t r ivalent chromium was 

released. 

A solut ion of  ferrous sul fate has the property to reduce Cr5 

to Cr3. Washing the underside of  the c lay layer wi th a 

solut ion of  ferrous sul fate,  reducing the hexavalent 

chromium to the t r ivalent chromium would t ie the chromium 

t ight ly to the c lay.  

In i t ia l  Screening: As in the case of  solut ion washing, the 

only means to reach the c lay surfaces is  through the upper 

aqui fer .  Del ivery of  the washing solut ion to the necessary 

locat ions is  d i f f icul t .  

The ferrous sul fate solut ion would contact  the outer c lay 

surfaces only minimal ly.  Also the sul fate solut ion wi l l  

introduce another contaminant to the aqui fer .  

This t reatment is  considered inappropr iate and wi l l  not be 

given fur ther considerat ion.  
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Soi l  Washing and Leaching (on/of f  s i te)  

I f  soi l  removal  technology were to be useful  in the 

mit igat ion ef for t ,  an extract ion process could be 

implemented on or of f  the FHC s i te to t reat  the contaminated 

soi l .  The t reated soi l  would then be used to ref i l l  the 

excavated areas. This procedure would meet remedial  

object ives by removing contaminants,  but  yet  retain large 

volumes of  soi l  on s i te.  Process equipment including 

hoppers,  conveyors,  screens, etc.  would be involved in 

t reat ing the soi l  wi th aqueous solut ions as discussed 

herein.  

Descr ipt ion:  Two d i f ferent soi l  types would be subject  to 

the contaminant extract ion process: 1) a mixture of  

hydraul ic and industr ia l  f i l l ,  and 2) a c layey s i l t  deposi t  

of  low permeabi l i ty .  Typical  vert ical  contaminant 

d istr ibut ion shows a moderately h igh concentrat ion at  the 

surface and to shal low depths,  decreasing wi th depth unt i l  

the c lay is  reached. The bottom of  the c lay stratum then 

shows a h igher concentrat ion due to the adsorpt ion of  the 

metal  ions from the contaminated groundwater.  

A soi l  scrubber process system wi l l  expose the contaminated 

soi ls to the washing f lu id,  in the form of  a s lurry,  and 

separate the scrubbed soi l  f rom the now contaminated, 

e lutr iate,  which must be t reated separately.  The scrubbed 

soi l  can be replaced in the excavated area. 

The washing f lu id could be water,  d i lute acid solut ions or 

sodium hydroxide solut ions.  Oxidiz ing agents such as 
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potassium permanganate and hydrogen peroxide could also be 

used to mobi l ize the chromium ions by oxidizing the 

tr ivalent chromium into the hexavalent form. 

Washing the industr ial  f i l l  port ion of the excavated soi l  

wi l l  present a di f f icul ty in slurry preparat ion because 

large chunks, such as br icks, concrete blocks and other 

s imi lar pieces wi l l  have to be removed before enter ing the 

scrubber system. 

The scrubber system elutr iate treatment wi l l  be the same as 

the physical  and chemical t reatments for contaminated 

groundwater,  see Ground Water Mit igat ion, paragraph 2.3.6.5 

-  Water Treatment.  

Dist i l lat ion fol lowed by carbon adsorpt ion is a feasible 

treatment method for the organics found at the FHC s i te.  

The f i rst  step of this process involves mi l l ing of the soi l  

to produce a uniform soi l  part ic le.  The dist i l lat ion step 

consists of burning fuel and al lowing the combust ion gases 

to heat the contaminated soi l  to dr ive off  water and the 

organics. The organics are then captured in an aqueous 

phase. The carbon adsorpt ion step is a wel l  developed 

technology which is often used on hazardous waste streams. 

This dist i l lat ion/carbon adsorpt ion process can be set up on 

s i te ut i l iz ing portable equipment.  

In i t ia l  Screening: A pretreatment to oxidize the C3 to C5 

may be ef fect ive in mobi l iz ing the chromium from the clay so 

that i t  can be carr ied off  in the elutr iate. 

The process could be conducted on or of f  s i te;  however, the 

of fs i te al ternat ive would involve transport ing large 

quant i t ies of contaminatea soi l  to an of f-s i te treatment 

2 - 3 0  



locat ion.  This is  an added cost  that  af fords no addi t ional  

benef i t .  Of the washing solut ions water does not appear to 

be ef fect ive.  Acids and bases have commonly been used to 

extract  metals f rom soi l .  Oxidiz ing agents such as 

potassium permanganate or  sodium peroxides wi l l  a lso be 

considered fur ther.  Dist i l lat ion/carbon adsorpt ion is  not 

feasible for  the low levels of  oganics found in the FHC 

soi ls and wi l l  not  be retained for  fur ther considerat ion.  

2.3.5 Surface Water Mit igat ion 

2.3.5.1 Surface Capping 

(Covered under Air  Borne Mit igat ion,  paragraph 2.3.2.1.A) 

2.3.5.2 Surface Water Col lect ion for  Treatment 

Surface water col lect ion would be used to reduce or el iminate 

penetrat ion of  surface water through contaminated soi l  as wel l  as 

col lect  contaminated surface water for  t reatment.  

A. Channels and Di tches 

Descr i  pt  i  on: Surface water on the s i te comes f rom 

precipi tat ion;  ra in or snow. I f  the surface is  untreated a 

major part  of  th is water wi l l  seep down into the soi l ,  wi th 

only a smal l  amount of  runoff .  On the paved areas ( the 

streets) where depressions and low spots exist ,  the water 

tends to pond. I f  th is is  runoff  f rom the s i te,  that  water 

may be contaminated. Such water,  i f  contaminated, needs to 

be col lected and t reated. The system for  a soi l  surface 

which has not been capped can be an impervious pond or 

basin,  on s i te,  constructed to be lower than any on s i te 
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grade.  Such a  co l lec t ion s i te  shou ld  be located wi th in  the 

topograph ic  depress ion because i t  may be necessary  to  

co l lec t  water  f rom the depress ion.  

In i t ia l  Screen ing:  I f  the sur face so i l  i s  not  f i xed or  

capped,  a  sur face water  co l lec t ion system w i l l  be needed to  

prevent  migra t ion o f  contaminated sur face water  o f f  s i te .  

For  that  reason,  th is  technology has been re ta ined for  

fur ther  cons idera t ion.  

Storm Sewers  

Descr ip t ion:  Stormwater  runof f  can be co l lec ted by in le ts  

and catch bas ins  and t ranspor ted v ia  sewers  to  a cent ra l  

area to  be t reated.  

An underground co l lec t ion system would  be very  appropr ia te  

i f  the land use cont inued to  requ i re  in tens ive use o f  much 

o f  the sur face area.  

Another  poss ib i l i t y  i s  d ischarge o f  unt reated or  pre t reated 

runof f  to  the Ci ty  o f  Vancouver  san i tary  sewer  sys tem.  

Water  t reatment  methods are  d iscussed in  Sect ion 2 .3 .6 .5 .  

D ischarge o f  the t reated e f f luent  i s  covered in  Sect ion 

2 .3 .8 .1 ,  Treated Water  E f f luent .  

In i t ia l  Screen ing:  Storm sewers  are  a v iab le  opt ion for  the 

co l lec t ion and t ranspor t  o f  s tormwater  runof f  f rom the FHC 

s i te .  Because the system is  underground,  pumping o f  the 

co l lec ted s tormwater  to  an on-s i te  t reatment  may be 

requ i red.  The s torm sewer  technology w i l l  be cons idered 

fu r ther .  
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C. Detent ion Ponds 

Descr ip t ion:  The s tormwater  runof f  can be s tored in  a 

detent ion pond or  bas in  to  awai t  t reatment .  The co l lec t ion 

o f  s tormwater  can be v ia  d i tches or  sewers  as  prev ious ly  

d iscussed.  The s iz ing o f  the pond would  be based upon a 25-

year  des ign s torm.  The pond must  be imperv ious,  which w i l l  

requ i re  c lay  or  a r t i f i c ia l  membrane l in ing.  

In i t ia l  Screen ing:  Detent ion ponds would  temporar i ly  ho ld  

s tormwater  before  t reatment .  They have the advantage o f  

min imiz ing the hydrau l ic  peaks to  the t reatment  sys tem.  

Consequent ly  the t reatment  sys tem capac i ty  can be min imized.  

The sys tem can be cont ro l led  more eas i ly  w i th  the add i t iona l  

detent ion t ime which a l lows for  ad jus tments  dur i  ng 

operat ion.  Th is  a l te rnat ive  w i l l  be re ta ined for  fur ther  

cons idera t ion.  

D.  Treatment  

Once the contaminated sur face water  i s  co l lec ted i t  cou ld  be 

t reated by var ious technolog ies  as descr ibed in  Groundwater  

Mi t iga t ion -  Treatment ,  paragrpah 2 .3 .6 .5 .  

E.  Sur face Water  D isposa l  

Once contaminants  are  removed the sur face water  can be 

d isposed o f  in  severa l  methods as d iscussed in  Disposa l  o f  

Treated Mater ia ls ,  paragraph 2 .3 .8 .1 .  

2 .3 .6  Ground Water  Mi t iga t ion 

In  order  to  prevent  the deter iora t ion o f  groundwater  not  present ly  

contaminated and the fu ture  contaminat ion o f  sur face waters ,  var ious 
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cont ro l  measures that  would  remove and t reat  or  res t r ic t  the migra t ion 

o f  contaminated groundwater  were cons idered.  

The technology categor ies  o f  capp ing,  leachate  p lume bar r ie rs ,  

groundwater  removal  and t reatment  are  potent ia l ly  app l icab le  to  the 

Front ie r  Hard Chrome s i te  as they address the remedia l  ob jec t ives.  

2 .3 .6 .1  Sur face Capping 

Capping technolog ies  prevent  the in f i l t ra t ion of  prec ip i ta t ion and 

sur face runof f  through contaminated mater ia ls  and reduce the 

leach ing o f  hazardous const i tuents  and fu r ther  degradat ion o f  

groundwater .  On th is  s i te ,  the e f fec t ive  use or  non-use o f  

capp ing i s  t ied  c lose ly  w i th  the response ac t ions concern ing 

cont ro l  o f  a i rborne and sur face water  po l lu tants .  For  descr ip t ion 

and in i t ia l  screen ing o f  capp ing technolog ies  see sect ion 

2 .3 .2 .1 .A.  

2 .3 .6 .2  Leachate  P lume Bar r ie rs  

Leachate  p lume bar r ie rs  cons is t ing o f  a ver t ica l  wa l l  o f  low 

permeabi l i ty  mater ia ls  can be const ruc ted underground to  e i ther  

d iver t  groundwater  f low,  or  min imize or  res t r ic t  p lume movement .  

Locat ion o f  the bar r ie r  would  be dependent  on character is t ies  o f  

the p lume and the in tended purpose o f  the bar r ie r .  At  th is  s i te  

the nomina l  aqu i fer  depths (18-25 f t . )  would  make bar r ie rs  a 

feas ib le  technology to  accompl ish  the fo l lowing:  

.  conta in  contaminated groundwater ;  

.  d iver t  a contaminated groundwater  p lume away f rom a 

dr ink ing water  in take or  towards a t reatment  fac i l i t y ;  
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.  d iver t  uncontaminated groundwater  f low around a 

(potent ia l ly )  contaminated area;  and 

.  prov ide a hydro log ic  bar r ie r  fo r  a groundwater  t reatment  

sys tem.  

A number  o f  spec i f ic  technolog ies  are  ava i lab le  for  bar r ie r  

const ruc t ion:  

A.  S lur ry  Wal ls  

Descr ip t ion:  S lur ry  wal ls  are  f i xed underground phys ica l  

bar r ie rs  formed by pumping s lur ry ,  usua l ly  a  so i l  o r  cement ,  

benton i te ,  and water  mix ture ,  in to  a t rench as excavat ion 

proceeds,  and e i ther  a l lowing the s lur ry  to  set  ( fo r  cement -

benton i te ,  o r  CB s lur ry )  or  backf i l l ing  wi th  a su i tab le  

eng ineered mater ia l  ( fo r  so i l  benton i te ,  o r  SB s lu r ry ) .  The 

s lu r ry  i tse l f  i s  used pr imar i ly  to  main ta in  the t rench 

dur ing excavat ion.  The success o f  the s lur ry  wal l  as  a  

bar r ie r  depends pr imar i ly  on the character is t ics  o f  the 

so l id i f ied  CB s lur ry  or  the eng ineered backf i l l ,  and to  a 

lesser  ex tent  on the th in  layer  o f  so l id i f ied  s lur ry  (or  

f i l te r  cake)  that  adheres to  the t rench wal l  dur ing 

const ruc t ion.  Permeabi l i ty  o f  the ent i re  wal l  depends both  

on the format ion o f  a  f i l te r  cake on the t rench wal l  dur ing 

const ruc t ion and the backf i l l  used.  

In i t ia l  Screen ing:  Implementat ion o f  a leachate  p lume 

bar r ie r  cou ld  d i rec t ly  address severa l  o f  the remedia l  

ob jec t ives by iso la t ing and res t r ic t ing  the p lume f low as 

we l l  as  ind i rec t ly  by ass is t ing for  the operat ion o f  a 

groundwater  t reatment  sys tem.  The s lur ry  wal l  method can be 
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very  cost  e f fec t ive ,  but  would  requ i re  compat ib le  cond i t ions 

w i th  the in  s i tu  so i l ,  groundwater  and leachate .  Th is  

technology was re ta ined for  fu r ther  cons idera t ion.  

Grout  Cur ta ins  

Descr ip t ion:  A g rout  cur ta in  is  another  bar r ie r  technology 

that  cou ld  be used on the Front ie r  Hard Chrome s i te .  Grout  

cur ta ins  are  f ixed underground phys ica l  bar r ie rs  formed by 

in jec t ing grout ,  e i ther  par t icu lar  (such as Por t land cement )  

o r  chemica l  (such as sod ium s i l i ca te) ,  in to  the ground 

through wel l  po in ts .  Spac ing and e f fec t iveness o f  the wel l  

po in t  app l ica t ion is  dependent  upon sur round ing so i l  

permeabi l i ty .  

In i t ia l  Screen ing:  Grout  cur ta in  app l ica t ion is  re la t ive ly  

convent iona l ,  but  i s  usefu l  on ly  under  cer ta in  s i te  spec i f ic  

cond i t ions.  The FHC s i te  is  const ruc ted on f i l l  which 

conta ins  rubb le  and o ther  mater ia l  in  which i t  is  not  

feas ib le  to  u t i l i ze  wel l  po in ts .  I t  is  a lso d i f f i cu l t  to  

ver i fy  format ion o f  a  cont inuous cur ta in  and invest igat ion;  

there fore  the grout  cur ta ins  method i s  e l iminated f rom 

fur ther  cons idera t ion.  

Sheet  P i le  Cuto f f  Wal ls  

Descr ip t ion:  Sheet  p i l ing  cuto f f  wa l ls  are  const ruc ted by 

dr iv ing web sect ions o f  sheet  p i l ing  permanent ly  in to  the 

ground.  Each sect ion i s  in ter lock ing a t  i t s  edges by  e i ther  

a  socket  o r  bowl  and ba l l  jo in t .  Sect ions are  assembled 

before  be ing dr iven in to  the ground and in i t ia l ly  are  not  

water t igh t .  However ,  the  jo in t  connect ions soon f i l l  wi th  

f ine-  to  medium-gra ined so i l  par t ic les ,  genera l ly  b lock ing 

groundwater  f low.  
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Stee l  sheet  p i l ing  is  most  f requent ly  used.  Concrete  and 

wood have a lso  been used.  Concrete  i s  expens ive but  i s  

a t t rac t ive  when except iona l  s t rength  is  requ i red;  and,  

a l though less  expens ive,  wood i s  re la t ive ly  inef fec t ive  as a  

water  bar r ie r .  

Sheet  p i les  are  typ ica l ly  used in  so i ls  that  are  loose ly  

packed and predominant ly  cons is t ing o f  sand and grave l .  The 

FHC s i te  would  not  be a  good app l ica t ion for  th is  

technology.  

In i t ia l—Screen ing:  The re la t ive ly  sha l low aqu i fer  depths 

would  permi t  e f fec t ive  use o f  s tee l  p i l ing  as a  leachate  

p lume bar r ie r .  However ,  d i f f i cu l ty  o f  const ruc t ion,  

espec ia l ly  in  the const ruc t ion f i l l  mater ia l  found a t  the 

FHC s i te ,  renders  i t  inappropr ia te .  Sheet  p i l ing  was not  

re ta ined for  fur ther  cons idera t ion.  

B lock Disp lacement  Method (BDM) 

Descr ip t ion:  B lock Disp lacement  i s  a method fo r  p lac ing a 

f i xed underground phys ica l  bar r ie r  around and beneath  a 

la rge mass o f  ear th  (ca l led a b lock) .  The bot tom bar r ie r  i s  

formed when f rac tures (or  separat ions)  ex tend ing f rom 

hor izonta l  notches a t  the base o f  the in jec t ion ho les  

coa lesce in to  a la rger  separat ion beneath  the mass b lock  o f  

ear th .  Cont inued pumping o f  s lur ry  under  pressure produces 

a  la rge up l i f t  fo rce aga ins t  the bot tom o f  the b lock  and 

resu l ts  in  ver t ica l  d isp lacement  propor t iona l  to  the vo lume 

o f  s lur ry  pumped,  wh ich sea ls  the l iqu ids  ins ide the b lock .  

A per imeter  bar r ie r  around the b lock  is  const ruc ted by 

convent iona l  techn iques in  con junct ion wi th  the bot tom 
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barr ie r  e i ther  pr io r  to  or  fo l lowing bot tom bar r ie r  

const ruc t ion.  The per imeter  wa l l  const ruc ted pr io r  to  

bot tom separat ion can be used to  ensure a favorab le  

hor izonta l  s t ress  f ie ld  for  proper  format ion o f  the bot tom 

separat ion.  In  geo log ic  format ions not  requ i r ing cont ro l  o f  

hor izonta l  s t ress ,  the per imeter  may be const ruc ted 

fo l lowing in i t ia l  bot tom separat ion or  fo l lowing the 

comple t ion o f  b lock  l i f t .  

In i t ia l  Screen ing:  The B lock Disp lacement  Method i s  o f  

par t icu lar  va lue in  s t ra tum where unweathered bedrock or  

o ther  impermeable  cont inuum is  not  su f f ic ient ly  near  the 

sur face for  a per imeter  bar r ie r  a lone to  ac t  as  an i so la tor .  

Because the geo log ic  cond i t ions are  not  conduc ive to  th is  

technology,  the B lock Disp lacement  Method was not  re ta ined 

for  fur ther  cons idera t ion.  

2 .3 .6 .3  Groundwater  Removal  fo r  Treatment  

Contaminated groundwaters  can be removed by  a var ie ty  o f  methods 

depending on the depth  o f  the water  tab le  and the des i red resu l ts .  

Removal  techn iques can be used fo r  grad ient  modi f ica t ion,  p lume 

in tercept ion and conta inment ,  o r  in  con junct ion w i th  a t reatment  

sys tem.  Grad ient  modi f ica t ion invo lves changing the f low pat tern  

o f  groundwater  by  drawing down the water  tab le  by pumping or  

dra inage so the contaminated groundwater  f lows toward the po in t  o f  

removal .  The ex tent  and s lope o f  the cone o f  depress ion i s  

dependent  on pumping ra tes  and dura t ion as we l l  as  aqu i fer  

character is t ics .  In tercept ion o f  the p lume in ter rupts  migra t ion 

past  the po in t  o f  removal ,  thereby managing the migra t ion o f  the 

contaminated groundwater  and prevent ing fur ther  contaminat ion o f  

the aqu i fer .  Any o f  the fo l lowing technolog ies  can produce these 

resu l ts  to  vary ing degrees and in  add i t ion  br ing contaminated 
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groundwater  to  the sur face for  t reatment .  Grav i ty  co l lec t ion 

systems such as subsur face dra ins  (French,  t i le ,  or  dua l  media  

dra ins)  and t renches can in tercept  groundwater  near  the sur face.  

A.  Pumping Systems 

Wel l  Po in ts .  

A we l l  po in t  sys tem is  used in  sha l low aqu i fers .  I t  

cons is ts  o f  a  ser ies  o f  r iser  p ipes screened a t  the bot tom 

and mani fo lded to  a common header  p ipe and a  suct ion pump.  

Wel l  po in t  sys tems are  prac t ica l  up to  30 feet  and most  

e f fec t ive  a t  15 feet .  The i r  e f fec t iveness,  however ,  w i l l  

depend on s i te -spec i f ic  cond i t ions.  

Spac ing o f  ind iv idua l  we l l  po in ts  a lso  depends on s i te - '  

spec i f ic  cond i t ions,  par t icu lar ly  the hydrau l ic  conduct iv i ty  

o f  the aqu i fer .  Wel l  po in ts  shou ld  be c lose enough together  

so that  su f f ic ient  drawdown i s  main ta ined between the wel ls .  

Typ ica l  spac ing i s  3 to  7 feet .  

Suct ion Wel ls .  

Suct ion wel ls  are  s ing le  wel ls  in  which the water  i s  

ext rac ted by a suct ion pump a t  the sur face.  Suct ion wel ls  

d isp lay  essent ia l ly  the same character is t ics  and l im i ta t ions 

as we l l  po in ts .  

E jec tor  Wel ls .  

E jec tor  we l ls  are  pr imar i ly  used to  remove water  a t  depths 

be low the head l im i ts  imposed on suct ion systems.  Deep 
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wel ls  use submers ib le  pumps and the wel l  and pump des ign are  

based on the wel l  depth  and ra te  o f  water  f low to  be 

ach ieved.  

In i t ia l—Screen ing:  Use o f  one or  more pumping removal  

techno log ies  which in tercept  the p lume and remove the 

contaminated groundwater  fo r  t reatment  address a major  

remedia l  ob jec t ive  for  the FHC s i te .  Locat ion o f  these 

wel ls  a long the lead ing edge o f  the p lume would  in tercept  

the groundwater  and prevent  fu r ther  migra t ion o f  

contaminants .  Due to  the depth  o f  the water  to  be ex t rac ted 

(35-40 feet ) ,  we l l  po in t  and suct ion po in t  methodolog ies  

cannot  be used e f fec t ive ly  and were e l iminated f rom fur ther  

cons idera t ion.  The e jec tor  wel l  methodology was re ta ined.  

Subsur face Dra inage Systems 

Descr ip t ion:  Subsur face dra ins  are  const ruc ted by p lac ing 

t i le  or  per fora ted p ipe in  a t rench,  sur round ing i t  wi th  

grave l  (or  s imi la r  mater ia l )  enve lope,  and backf i l l ing  wi th  

topso i l  o r  c lay .  H is tor ica l ly  they have been used to  

dewater  agr icu l tura l  and const ruc t ion s i tes .  At  an 

uncont ro l led  s i te ,  subsur face dra ins  can be ins ta l led  to  

co l lec t  leachate  as we l l  as  lower  the water  tab le  for  s i te  

dewater ing.  

Des ign f low per  meter  o f  dra in  can be determined by 

per forming a water  ba lance to  es t imate  the amount  o f  water  a  

d ra in  w i l l  need to  be ab le  to  t ranspor t  the water .  

Manning 's  formula  i s  used to  determine p ipe s ize .  
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In i t ia l  Screen ing 

Subsur face dra inage for  water  co l lec t ion and dewater ing i s  

commonly  used in  sha l low app l ica t ions.  The depth  

requ i rement  a t  th is  s i te  together  w i th  uncont ro l led  dra inage 

o f  contaminated water  dur ing const ruc t ion makes these 

technolog ies  inappropr ia te  fo r  the FHC s i te .  They were not  

re ta ined for  fur ther  cons idera t ion.  

2 .3 .6 .4  In jec t ion/Recharge 

Descr ip t ion:  Grad ient  modi f ica t ion o f  the groundwater  can be 

accompl ished by in jec t ing water  d i rec t ly  in to  the aqu i fer  or  in to  

the over ly ing permeable  s t ra tum.  The add i t ion  o f  water  in to  an 

aqu i fer  causes mounding,  a  loca l ized increase in  the hydrau l ic  

head o f  the water  tab le  around the po in t  or  area o f  in jec t ion.  

Th is  can change the f low pat tern  o f  the sur rounding groundwater .  

Depending on the hydrogeology o f  the aqu i fer  and the in jec t ion 

technology employed,  the path  o f  migra t ion for  a contaminant  p lume 

can be red i rec ted.  Bes ides grad ient  modi f ica t ion,  in jec t ion is  

a lso  an opt ion for  d isposa l  o f  t reated water .  Water  can be 

in jec ted in to  the sur face s t ra ta  by means o f  in f i l t ra t ion bas ins ,  

t renches or  subsur face dra ins .  I f  these subsur face dra ins  are  

packed,  fo r  example ,  w i th  hydrated l ime which can chemica l ly  

remove d isso lved meta ls ,  they are  cons idered to  be permeable  

t reatment  beds.  Water  can be in jec ted in to  sha l low aqu i fers  

through wel l  po in ts  and ga l le r ies .  Water  can be d i rec t ly  in jec ted 

in to  aqu i fers  through recharge wel ls .  

In i t ia l  Screen ing:  Implementat ion o f  an in jec t ion technology to  

modi fy  groundwater  f low pat terns  addresses the p lume migra t ion and 

sur face water  pro tec t ion remedia l  ob jec t ives.  Water  fo r  recharge 

would  potent ia l ly  be ava i lab le  f rom the Columbia  R iver ,  c i ty  water  
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or  upst ream wel ls  in  the aqu i fer .  In jec t ion as a  d isposa l  opt ion 

wi th  t reated groundwater  i s  v iab le  and i s  d iscussed in  more deta i l  

in  Sect ion 2 .3 .8 .1 .  

In jec t ion to  cont ro l  hydrau l ic  grad ient  by  t renches and ga l le r ies  

i s  not  cons idered prac t ica l  cons ider ing the depth  and the 

an isot rop ic  nature  o f  the so i l .  In jec t ion by recharge wel ls  i s  

feas ib le  and has been re ta ined for  fu r ther  cons idera t ion.  

2 .3 .6 .5  Water  Treatment  

There are  a number  o f  technolog ies  fo r  t reat ing water  to  

e f fec t ive ly  remove the contaminants  ident i f ied  a t  the FHC s i te .  

S ince both  inorgan ic  and organ ic  contaminants  have been documented 

in  the Remedia l  Invest igat ion,  the t reatment  technolog ies  

d iscussed here in  have been so sub-d iv ided for  la ter  inc lus ion in to  

remedia l  a l te rnat ives.  

A.  Inorgan ic  

In  add i t ion  to  chromium,  n icke l  and lead were found in  very  

low leve ls  or  were not  detec ted in  the groundwater  a t  the 

FHC s i te .  

Neutra l izat ion 

Descr ip t ion:  Neut ra l iza t ion,  used by  i t se l f ,  i s  a process 

used to  ad jus t  the pH o f  a waste  s t ream to  an acceptab le  

leve l  fo r  d ischarge,  usua l ly  a pH o f  f rom 6.0  to  9 .0 .  

Neut ra l iza t ion may a lso  be used as a  pre-  or  post - t reatment  

s tep w i th  o ther  t reatment  processes.  Ad jus tment  o f  pH i s  

done by  add ing ac id ic  reagents  or  ac id ic  wastes to  a lka l ine 

s t reams and v ice  versa.  
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Select ion is  most  o f ten made on cost  cons idera t ions and the 

ava i lab i l i ty  o f  the reagents .  Su l fur ic  ac id  i s  most  

co.nmonly  used to  ac id i fy  the so lu t ion.  

The e f f luent  f rom th is  process must  be f i l te red or  c lar i f ied  

to  remove the su l fa te  prec ip i ta te .  Neut ra l iza t ion w i l l  a lso  

be requ i red to  increase the pH to  acceptab le  leve ls  fo r  

d ischarge (pH 6  to  pH 9) .  Res idua l  hexava lent  chromium 

leve ls  can be reduced to  less  than 1  ppm.  

Cyanides can occur  a long wi th  hexava lent  chromium.  To avo id  

poss ib le  re lease o f  tox ic  hydrogen cyan ide a t  the low pH 

(ac id ic )  cond i t ions necessary  fo r  reduct ion,  cyan ide removal  

shou ld  a lways precede th is  t reatment .  

The reduct ion technology is  a v iab le  s tage in  water  

t reatment  and has there fore  been re ta ined for  fur ther  

cons idera t ion.  

Ch lor inat ion (For  Cyanide Only)  

Descr ip t ion:  Ch lor inat ion o f  a lka l ine cyan ide conta in ing 

wastes removes cyan ide by ox idat ion in  s tages to  the less  

tox ic  cyanate  ion  and then to  non- tox ic  b icarbonates and 

n i t rogen.  Caust ic  and ch lor ine are  added to  the wastes in  

e i ther  a batch or  f low reactor .  

Cyanide dest ruc t ion is  used not  on ly  to  reduce the hazard o f  

hydrogen cyan ide gas generat ion under  ac id ic  cond i t ions,  but  

a lso  as a  pre t reatment  fo r  some heavy meta l  t reatments ,  such 

as p rec ip i ta t ion,  where cyan ide complexes in ter fere  wi th  

meta l  removal .  
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Chlor inat ion is  broad ly  app l icab le  to  cyan ide conta in ing 

wastes o f  h igh ly  vary ing compos i t ion .  Res idua l  cyan ide 

concent ra t ions can be reduced to  leve ls  be low 1  ppm.  

The pH must  be very  c lose ly  moni tored to  avo id  deve lopment  

o f  ac id  cond i t ions,  under  which h igh ly  tox ic  hydrogen 

cyan ide gas can be generated.  Good mix ing is  a lso essent ia l  

to  avo id  ac id ic  reg ions,  even though the overa l l  cond i t ions 

remain  bas ic .  Systems shou ld  inc lude pH moni tors ,  

su f f ic ient  mix ing,  and care fu l ly  des igned baf f les  for  these 

purposes.  Ox idat ion- reduct ion potent ia l  (ORP) probes are  

a lso  ins ta l led  to  cont ro l  ch lor ine add i t ions.  Chlor ine is  

hazardous and shou ld  be handled accord ing ly .  

In i t ia l—Screen ing:  Because cyan ide may be produced dur ing 

chemica l  water  t reatment  procedures,  ch lor inat ion technology 

was re ta ined for  fur ther  cons idera t ion.  

Reverse Osmosis  

Descr ip t ion:  Reverse osmosis  removes contaminants  f rom 

aqueous wastes by  pass ing the waste  s t ream,  a t  h igh 

pressure,  th rough a semi-permeable  membrane.  At  

su f f ic ient ly  h igh pressure,  usua l ly  in  the range 200-400 

ps i ,  c lean water  passes out  through the membrane leav ing a 

concent ra ted waste  s t ream which must  be t reated fur ther  or  

d isposed.  The h igh pressure counteracts  the osmot ic  

pressure o f  the d isso lved wastes and ac ts  as a  d r iv ing force 

to  concent ra te  the so lu t ion,  hence the name reverse osmosis .  

Typ ica l  membranes are  impermeable  to  most  inorgan ic  spec ies  

and some organ ic  compounds.  They are  a lso  impermeable  to  

very  f ine  par t ic les  and w i l l  remove these as we l l  as  

d isso lved mater ia ls .  

2 - 4 6  



In i t ia l  Screen ing:  Reverse osmosis  (RO) and u l t ra f i l t ra t ion 

take p lace in  a c ross- f low conf igura t ion.  As the waste  

f lows through a membrane tube or  bund le ,  the pur i f ied  water  

f lows out  a t  r igh t  ang les  through the membrane.  Th is  i s  

d i f fe rent  f rom convent iona l  f i l t ra t ion where the waste  f low 

goes d i rec t ly  through the f i l te r  medium,  t rapp ing mater ia ls  

on the upst ream s ide.  The c ross- f low ar rangement  permi ts  

h igh f low ra tes  through the system.  Water  t reatment  by  

reverse osmosis  would  sa t is fy  remedia l  ob jec t ives and 

there fore  was re ta ined for  fur ther  cons idera t ion.  

Ion Exchange 

Descr ip t ion:  Ion exchange i s  a revers ib le  in terchange o f  

ions between an inso lub le  sa l t  or  res in ,  in  contact  w i th  

wastes conta in ing ion ic  spec ies .  In  the process,  unwanted 

ion ic  spec ies ,  p r inc ipa l ly  inorgan ic ,  are  rep laced 

(exchanged)  w i th  innocuous ions on the res in .  

Because the react ion is  usua l ly  revers ib le ,  i t  is  poss ib le  

to  regenerate  the ion exchange res in .  The overa l l  process 

y ie lds  two output  s t reams;  one main  pur i f ied  e f f luent  

s t ream,  and per iod ica l ly  a smal l  vo lume o f  the "spent "  

regenerant ,  conta in ing a h igh concent ra t ion o f  the removed 

ions,  (e .g . ,  chromium).  Removal  e f f i c ienc ies  for  meta l l i c  

ion  are  genera l ly  very  h igh.  Spent  regenerant ,  in  th is  case 

a  sod ium d ichromate compound,  would  be d isposed o f  in  RCRA 

approved d isposa l  fac i l i t y .  Per iod ica l ly  a f ter  a number  o f  

regenerat ions the res in  has a lso  to  be rep laced,  the 

d iscarded res in  would  a lso  have to  be d isposed o f  in  the 

same manner .  
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Chromium can be recovered f rom th is  process by  the inc lus ion 

o f  add i t iona l  equ ipment .  Th is  i s  per formed by concent ra t ing 

the d ichromate in  an evaporator ,  contac t ing the concent ra te  

w i th  ac id  in  a d igester ,  thus produc ing a low grade chromic  

ac id  and a  s ludge.  The chromic  ac id  i s  then concent ra ted by 

evaporat ion such that  i t  is  acceptab le  to  a user ,  e .g .  

chrome p la t ing indust ry .  The s ludge i s  a sod ium hydrox ide 

which can be used repeated ly  fo r  regenerat ion unt i l  i t  

reaches a re jec t ion leve l  then must  be d isposed o f  in  RCRA 

fac i l i t y .  

Th is  technology is  o f ten used fo r  meta l  removal .  Por tab le  

un i ts  are  ava i lab le  fo r  on-s i te  use.  Th is  i s  a proven 

h igh ly  e f fec t ive  technology.  

In i t ia l  Screen ina:  Ion exchange i s  a convent iona l ly  

accepted method fo r  removal  o f  d isso lved inorgan ic  sa l ts  

such as chromium and cou ld  be app l ied to  water  t reatment  a t  

the FHC s i te .  Th is  method was re ta ined for  fu r ther  

cons idera t ion.  

Se lec t ive  Media  

Descr ip t ion:  The se lec t ive  media  process i s  s imi lar  to  the 

ion exchange process w i th  the except ion that  ion ic  spec ies  

in  the wastes are  exchanged w i th  se lec t ive  innocuous ions on 

a  g lass  subst ra te  media .  The apparent  advantage to  th is  

process i s  that  regenerat ion is  done in  two phases w i th  

su lphur ic  ac id  and hydroch lor ic  ac id  d i rec t ly  produc ing a 

chromic  ac id  and contaminated hydroch lor ic  ac id .  The 

chromic  ac id  i s  then passed through a h igh cur rent  

pur i f i ca t ion process that  re jec ts  res idua l  ch lor ides.  The 
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hydroch lor ic  ac id  i s  used repeated ly  unt i l  i t  reaches a 

re jec t ion leve l  a t  which t ime i t  must  be d isposed o f  in  a 

RCRA fac i l i t y .  

In i t ia l  Screen ing:  Se lec t ive  media  i s  a re la t ive ly  new 

process fo r  the removal  o f  chromium.  Extens ive laboratory  

tes t ing or  on-s i te  p i lo t  p lant  eva luat ions would  be requ i red 

to  conf i rm f ina l  des ign economics,  however  the process i s  

va l id  and w i l l  be re ta ined for  fu r ther  cons idera t ion.  

F i l t ra t ion 

F i l t ra t ion is  a phys ica l  means o f  separat ing so l ids  f rom 

l iqu ids  (and v ice  versa)  by  fo rc ing the f lu id  through a 

porous medium.  For  hazardous waste ,  f i l t ra t ion can serve 

three separate  ob jec t ives:  

removal  o f  suspended so l ids  f rom a l iqu id  s t ream for  

the purpose o f  produc ing a pur i f ied  l iqu id ;  

vo lume reduct ion o f  waste  s ludges by increas ing the 

so l ids  concent ra t ion by removing the l iqu id  (s ludge 

dewater ing) ;  o r  

removal  o f  par t icu la tes  f rom the waste  s t ream that  

would  adverse ly  e f fec t  a  pur i f i ca t ion process.  

Th is  d iscuss ion genera l ly  app l ies  to  par t icu la tes  greater  

than 25 microns in  d iameter .  Waste  par t icu la tes  greater  

than about  25 microns in  d iameter  are  t rapped a t  the sur face 

or  w i th in  the porous f i l te r  medium as the f lu ids  f low 

through.  Smal ler  par t ic les  must  be agg lomerated.  

F i l t ra t ion methods can a lso  be used fo r  par t ic les  less  than 

1  micron us ing more soph is t ica ted technology such as e tched 
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disk .  In  a l l  f i l t ra t ion systems pressure or  suct ion is  

requ i red to  force the f lu id  through the f i l te r .  

In i t ia l  Screen ing:  Any l iqu id  wi th  f i l te rab le  so l ids  can be 

t reated.  F i l t ra t ion is  a lso app l icab le  to  aqueous l iqu ids  

conta in ing drop le ts  o f  another  immisc ib le  l iqu id  phase such 

as  o i l  contaminated water .  F i l t ra t ion is  o f ten used on 

s ludges or  l iqu ids  generated dur ing o ther  waste  t reatment  

processes.  For  water  t reatment  a t  the FHC s i te ,  f i l t ra t ion 

cou ld  be e f fec t ive ly  used a t  severa l  s tages o f  the water  

t reatment  depending upon the procedure used.  These cou ld  

inc lude pre t reatment ,  removal  o f  prec ip i tants ,  po l ish ing and 

dewater ing.  F i l te r ing was re ta ined for  fu r ther  

cons idera t ion.  

Sedimentat ion 

Pescr i  p t  i  on:  Sed imentat ion removes suspended hazardous 

components  f rom aqueous so lu t ion by permi t t ing  the par t ic les  

to  set t le  to  the bot tom o f  a vesse l  th rough the ac t ion o f  

g rav i ty .  The sed iments  then genera l ly  are  co l lec ted,  

dewatered and removed.  

In i t ia l  Screen ing:  F loccu la t ing agents ,  produc ing 

agglomerates  o f  ind iv idua l  f ree par t ic les ,  are  o f ten used to  

enhance the se t t l ing  act ion.  In  convent iona l  indust r ia l  

waste  app l ica t ion,  sed imentat ion can reduce to ta l  suspended 

so l ids  concent ra t ions to  10 to  200 mg/1,  cor responding to  a 

removal  e f f ic iency o f  90-99 percent  fo r  typ ica l  wastes.  

There i s  no l im i ta t ion on in f luent  concent ra t ions in  th is  

method.  S ince sed imentat ion i s  genera l ly  a  common component  

in  water  t reatment ,  th is  technology was re ta ined for  fur ther  

cons idera t ion.  
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Di  s t i11at ion 

Descr ip t ion.  d is t i l la t ion  is  a re la t ive ly  s t ra ight forward 

procedure which can be used to  remove most  inorgan ic  

compounds.  The process invo lves bo i l ing  the so lu t ion to  

remove the water  as  s team whi le  the inorgan ic  substances 

remain  in  so l id  form or  in  a more concent ra ted so lu t ion 

which can be fu r ther  t reated or  d isposed.  

In i t ia l  Screen ing:  The d is t i l la t ion  techn ique would  be 

su i tab le  for  the inorgan ic  compounds a t  the FHC s i te .  

D is t i l la t ion  was re ta ined for  fur ther  rev iew.  

Organ ic  

The presence o f  ch lor inated so lvents  inc lud ing PCE,  TCE and 

TCA was found dur ing the Remedia l  Invest igat ion.  A number  

o f  technolog ies  are  present ly  ava i lab le  to  remove these 

contaminants .  

Ozonat ion 

Descr ip t ion:  In  ozonat ion,  contact  w i th  ozone,  a  power fu l  

ox id iz ing agent ,  breaks down many re f rac tory  organ ic  

compounds not  t reatab le  wi th  b io log ica l  t reatment  

techn iques.  Ozone,  produced in  a separate  generator ,  i s  

in t roduced to  a contactor  where i t  mixes w i th  the wastes and 

reacts  w i th  ox id izab le  spec ies  present .  

Large contactors  are  requ i red because react ion ra tes  are  

mass t ransfer  l im i ted;  ozone has on ly  l im i ted so lub i l i ty  in  

water .  Contactor  depth  i s  typ ica l ly  on the order  o f  5 
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meters  (16 f t )  to  insure adequate  mix ing and react ion t ime.  

U l t ra-v io le t  lamps,  i f  used,  are  operated w i th in  the 

contactor  vesse l .  

Ozone i s  cor ros ive,  requ i r ing spec ia l  const ruc t ion 

mater ia ls .  In  add i t ion ,  ozone i s  tox ic ;  personnel  sa fe ty  

i s ,  there fore ,  a major  concern.  Modern sys tems are  

comple te ly  automated.  An ozone moni tor  measures ozone 

leve ls  in  the gaseous e f f luent  and reduces the ozonator  

vo l tage or  f requency i f  gaseous leve ls  exceed a  preset  l im i t  

(usua l ly  0 .05 ppm).  An ambient  a i r  moni tor  sounds an a larm 

and shuts  o f f  the ozonator  in  the event  o f  leaks o f  ozon ized 

a i r .  An o f f -gas ozone dest ruc t ion un i t  i s  a lso genera l ly  

used in  modern sys tems.  

In i t ia l  Screen ing:  Ozonat ion i s  app l icab le  on ly  to  d i lu te  

wastes,  typ ica l ly  conta in ing less  than 1  percent  ox id izab le  

mater ia ls .  The dest ruc t ive  power  to  re f rac tory  compounds 

may be enhanced by  combin ing ozonat ion w i th  u l t ra-v io le t  

rad ia t ion.  Ozone i s  generated a t  low concent ra t ions ( less  

than 2 percent )  in  an a i r  s t ream,  a t  s l igh t ly  less  than 

a tmospher ic  pressure.  H igher  ozone concent ra t ions are  

poss ib le  i f  oxygen i s  used as the gas supp ly .  Ozonat ion i s  

e f fec t ive  wi th :  ch lor inated hydrocarbons,  ch lor inated 

aromat ics  and cyan ides.  Th is  method was re ta ined for  

fur ther  cons idera t ion.  

Carbon Adsorpt ion 

Descr ip t ion:  Carbon adsorpt ion removes contaminants  f rom 

aqueous wastes by  contact ing the s t ream wi th  a so l id ,  

ac t iva ted carbon adsorbent  in  granu lar  or  powdered form.  .  
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Organic  compounds,  and some inorgan ic  spec ies  become bound 

to  the sur face o f  the carbon par t ic les  and are  subsequent ly  

removed a long wi th  the adsorbent .  

In i t ia l  Screen ino:  Carbon adsorpt ion can be used as a  

s ing le  t reatment  or  in  combinat ion w i th  o ther  procedures.  

Th is  process i s  o f ten used as a  po l ish ing s tep fo l lowing 

b io log ica l  t reatment  or  a i r  s t r ipp ing.  The combinat ion o f  

the two processes appear  to  be a cos t -e f fec t ive  method fo r  

removal  o f  a  w ide range o f  organ ics  f rom aqueous wastes.  

Carbon adsorpt ion technology i s  genera l ly  app l icab le  to  

d isso lved organ ics .  Many organ ics  can be reduced to  the one 

to  ten mg/1 leve l .  Resu l ts  o f  an EPA s tudy showed that  51 

o f  60 tox ic  organ ic  compounds cou ld  be removed by  carbon 

adsorpt ion.  Some inorgan ic  spec ies  such as chromium are  

par t ia l ly  adsorbed.  Convent iona l  water  qua l i ty  parameters  

(BOD,  COD,  TOC) a re  a lso  reduced by carbon adsorpt ion;  the 

per formance leve l  i s  dependent  on the spec i f ic  waste  s t ream 

character is t ics .  

Carbon adsorpt ion is  a re la t ive ly  convent iona l  technology 

and may be u t i l i zed in  severa l  par ts  o f  a water  t reatment  

sequence.  Th is  methodology was re ta ined for  fu r ther  

cons idera t ion.  

A i r /Steam St r ipp ing 

Descr ip t ion:  St r ipp ing removes vo la t i le  contaminants  f rom 

an aqueous waste  s t ream by pass ing a i r  or  s team through the 

wastes.  Wi th  a i r ,  the vo la t i le  d isso lved gases as vapors  

are  t ransfer red to  the a i r  s t ream and d ischarged to  the 

a tmosphere or  fu r ther  t reated by carbon adsorpt ion or  

thermal  ox idat ion.  Wi th  s team the process i s ,  in  essence,  a  
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steam d is t i l la t ion  of  the waste  w i th  the vo la t i le  

contaminants  end ing up in  the d is t i l la te  for  t reatment .  

In i t ia l  Screen ing:  Both  a i r  and s team s t r ipp ing can be a  

po tent ia l  a i r  po l lu t ion  prob lem i f  vo la t i le  organ ic  

compounds are  present  in  the leachate .  A i r  po l lu t ion  

prob lems can be prevented by us ing emiss ion cont ro l  dev ices 

(e .g . ,  condensers ,  carbon adsorpt ion f i l te rs)  and 

main ta in ing proper  operat ing cond i t ions in  the system.  A i r  

s t r ipp ing is  an acceptab le  t reatment  techn ique for  organ ics  

such as those found in  the FHC groundwater  and was re ta ined 

for  add i t iona l  rev iew.  

D is t i l la t ion  

The app l ica t ion o f  a  d is t i l la t ion  techn ique for  removal  o f  

organ ic  compounds would  be s imi la r  to  that  used fo r  

inorgan ics .  The vo la t i le  organ ics  are  dr iven o f f  w i th  the 

s team dur ing the process.  The resu l t ing  d is t i l la te  is  

t reated us ing carbon adsorpt ion.  Refer  to  the d iscuss ion 

under  Treatment  fo r  Inorgan ics .  

In i t ia l—Screen ing:  Th is  techn ique was re ta ined for  fu r ther  

cons idera t ion.  

2 .3 .6 .6  In  S i tu  Groundwater  Treatment  

Methods have been deve loped to  t reat  groundwater  in  p lace,  but  are  

dependent  on a  number  o f  fac tors  fo r  e f fec t ive  use.  These may 

inc lude f low character is t ics ,  so i l  types,  aqu i fer  depth  and the 

contaminant  i t se l f .  Severa l  such technolog ies  that  cou ld  be 

potent ia l ly  used a t  the FHC s i te  are  d iscussed here in .  
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Permeable  Treatment  Beds 

Th is  approach uses t renches f i l led  wi th  a react ive  permeable  

medium to  ac t  as  an underground reactor .  Contaminated 

groundwater  o r  leachate  enter ing the bed reacts  to  produce a 

nonhazardous so lub le  product  or  a so l id  prec ip i ta te .  

Chemica l  so lu t ion in jec t ion may be combined w i th  th is  

procedure to  enhance contaminant  removal .  

Permeable  t reatment  beds are  app l icab le  in  re la t ive ly  

sha l low aqu i fers  s ince a t rench must  be const ruc ted down - to  

the leve l  o f  the bedrock or  an impermeable  c lay .  Permeable  

t reatment  beds o f ten are  e f fec t ive  on ly  fo r  a shor t  t ime as 

they lose react ive  capac i ty  or  become p lugged wi th  so l ids .  

Over-des ign o f  the system or  rep lacement  o f  the permeable  

medium can lengthen the t ime per iod over  which permeable  

t reatment  i s  e f fec t ive .  

I f l j t ia l  Screen ing:  The aqu i fer  conf igura t ion,  depth  and 

f low ra tes  a t  the FHC s i te  are  not  conduc ive to  th is  

techn ique.  The t renches would  have to  be re la t ive ly  deep,  

and preparat ion would  resu l t  in  a s ign i f icant  quant i ty  o f  

uncont ro l led  dewater ing which cou ld  fu r ther  d isperse 

contaminants .  In  add i t ion ,  the contaminants  depos i ted in  

the bed would  s t i l l  requ i re  removal  a t  some fu ture  date  w i th  

a bed rep lacement .  Th is  technology was not  re ta ined for  

fu r ther  rev iew.  

In  S i tu  Phys ica l /Chemica l  Treatment  

Descr ip t ion:  In  s i tu  phys ica l /chemica l  t reatment  invo lves 

the d i rec t  app l ica t ion o f  a react ive  mater ia l  to  

decontaminate  the hazardous components .  An example  o f  
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phys ica l  t reatment  i s  the add i t ion  o f  ac t iva ted carbon to  

adsorb organ ics .  Chemica l  t reatment  invo lves neut ra l 

iza t ion,  prec ip i ta t ion and/or  ox idat ion- reduct ion react ions.  

Reagents  are  d iscussed in  the appropr ia te  leachate  t reatment  

sect ion.  

In  s i tu  phys ica l /chemica l  t reatment  methods app l icab le  to  

homogenous concent ra t ions o f  spec i f ic  waste  types inc lude:  

.  ox idat ion o f  cyan ide waste  w i th  sod ium hypoch lor i te ;  

reduct ion o f  hexava lent  chromium wi th  fer rous su l fa te ;  

prec ip i ta t ion o f  heavy meta ls  w i th  a lka l i  agents ;  and 

adsorpt ion o f  organ ics  w i th  ac t iva ted carbon.  

In i t ia l—Screen ing:  As prev ious ly  d iscussed for  in  s i tu  

t reatment ,  methods genera l ly  would  resu l t  in  the contaminant  

remain ing in  the so i l  in  another  fo rm.  Degree o f  t reatment  

would  be in f luenced by a  number  o f  fac tors  as descr ibed.  

Except  fo r  reduct ion as d iscussed in  paragraph 2 .3 .3 .4  a l l  

the chemica l  t reatments  are  bet ter  cons idered fo r  remote 

water  t reatment  ra ther  than in  s i tu .  These techn iques were 

e l imminated f rom fur ther  cons idera t ion.  

In  S i tu  V i t r i f i ca t ion 

Descr ip t ion:  In  s i tu  v i t r i f i ca t ion is  the mel t ing  o f  wastes 

and so i l  in  p lace to  b ind the waste  in  a g lassy,  so l id  

mat r ix .  In  one process wastes and so i ls  are  mel ted by 

pass ing an e lec t r ic  cur rent  through the mater ia l  between the 
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elec t rodes.  Bat te l le  has recent ly  demonst ra ted th is  

techn ique but  i t  requ i res  fur ther  deve lopment  before  be ing 

cons idered fo r  a  commerc ia l  app l ica t ion.  

In i t ia l—Screen ing:  In  s i tu  v i t r i f i ca t ion has been 

successfu l ly  demonst ra ted in  laboratory  and p i lo t  sca le  

tes ts  w i th  so i ls  contaminated w i th  rad ioact ive  waste /so i l  

m ix tures .  The process shou ld  be compat ib le  w i th  non

vo la t i le ,  inorgan ic  waste /so i l  mix tures  in  genera l .  

However ,  fo r  the FHC s i te  the techn iques would  genera l ly  be 

cons idered non-convent iona l  unproven technology.  Th is  

process was not  re ta ined for  fur ther  cons idera t ion.  

B iorec lamat ion 

Descr ip t ion:  B iorec lamat ion is  a techn ique for  t reat ing 

zones o f  contaminat ion by microb ia l  degradat ion.  The bas ic  

concept  invo lves a l te r ing env i ronmenta l  cond i t ions to  

enhance microb ia l  metabo l ism or  cometabo l ism o f  organ ic  

contaminants ,  resu l t ing  in  the breakdown and detox i f ica t ion 

o f  those contaminants .  The technology has been deve loped 

rap id ly  over  recent  years ,  and b iorec lamat ion appears  to  be 

a  promis ing in  s i tu  t reatment  techn ique.  

Cons iderab le  research conducted over  the past  severa l  

decades has conf i rmed that  microorgan isms are  capable  o f  

break ing down many o f  those organ ic  compounds cons idered to  

be env i ronmenta l  and hea l th  hazards a t  sp i l l  s i tes  and 

uncont ro l led  hazardous waste  s i tes .  

The b iorec l  amat ion method that  has been most  deve loped and 

i s  most  feas ib le  fo r  in -s i tu  t reatment  i s  one which re l ies  

on aerob ic  (oxygen-requ i r ing)  microb ia l  processes.  Th is  

method invo lves opt imiz ing env i ronmenta l  cond i t ions by 
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prov id ing an oxygen source and nut r ients  which are  de l ivered 

to  the subsur face through an in jec t ion wel l  o r  in f i l t ra t ion 

system to  enhance microb ia l  ac t iv i ty .  

In i t ia l  Screen ing:  A l though th is  techn ique is  rap id ly  be ing 

deve loped,  i t  is  not  cons idered a proven technology and fo r  

the FHC s i te  would  be sub jec t  to  l im i t ing  parameters  o f  the 

aqu i fer  as prev ious ly  d iscussed.  Th is  method would  requ i re  

add i t iona l  tes t ing and would  not  meet  the pr imary  ob jec t ives 

concern ing the inorgan ic  contaminants .  B iorec lamat ion was 

not  re ta ined for  fur ther  cons idera t ion.  

2 .3 .7  St ruc ture  Contaminat ion Mi t iga t ion 

2 .3 .7 .1  Sur face Contaminat ion Removal  ( in ter io r  wal ls )  

Descr ip t ion:  The in ter io r  wal ls  o f  the concrete  b lock  bu i ld ing on 

the FHC s i te  have been contaminated w i th  chromium.  The ins ide 

wal ls  appear  to  have been repa in ted w i th in  the las t  few years .  

Th is  has,  very  l i ke ly ,  sea led chromium generated f rom ear l ie r  

operat ions in  the wal l  pores.  

Washing the contaminated wal l  sur faces w i th  caust ic  so lu t ions w i l l  

remove the sur face contaminat ion.  The wash water  becomes a 

cand idate  fo r  t reatment  or  d isposa l .  

The contaminat ion conta ined in  the wal l  pores may be sea led in  

p lace by the las t  wal l  pa in t ing.  The pa in t ,  however ,  shows s igns 

o f  s ta in ing which ind icates  that  the chromium is  a t tack ing the 

const i tuents  in  the pa in t .  

The in terpore contaminat ion can be removed f rom the wal l  sur faces 

by abras ive b las t ing.  Such b las t ing must  be accompl ished w i th in  a 

conta inment  to  prevent  contaminant  escape in to  the atmosphere.  
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The spent  abras ive and the abraded mater ia l  must  be co l lec ted for  

d i  sposa l .  

In i t ia l  Screen inq:  Washing and abras ive b las t ing prov ide two 

d i f fe rent  leve ls  o f  contaminant  removal .  Abras ive b las t ing w i l l  

remove the pa in t ,  a smal l  amount  o f  the wal l  sur face and the 

contaminant .  However ,  abras ive b las t ing wi th in  a conta inment  and 

co l lec t ion o f  a l l  o f  the products  o f  the b las t ing is  a d i f f i cu l t  

process.  

Washing the wal l  pane ls  w i l l  remove the sur face,  super f ic ia l  

contaminant ,  but  w i l l  a l low in terpore contaminat ion to  remain  in  

the wal l  sur face.  Th is  contaminat ion can be conta ined on a long 

term bas is  by  sea l ing wi th  a product  such as Lopat  TCC sea lant  

which f i xa tes  the chromium and then repa in t ing the wal ls .  

Washing and sea l  fng the wal ls  has been re ta ined as an opt ion for  

fu r ther  cons idera t ion.  

2 .3 .7 .2  Contaminated St ruc ture  Removal  ( f loor  and dra ins)  

The so i l  samples taken f rom depths o f  one and three to  four  feet  

ins ide the bu i ld ing show h igh chromium concent ra t ions.  To 

e l iminate  th is  contaminat ion would  requ i re  ch ipp ing up the 

concrete  f loor  and contaminated dra ins .  The concrete  w i l l  be 

removed and d isposed o f  a t  a  landf i l l .  The removed sur face so i l  

under  the s lab cou ld  be t reated as d iscussed in  Subsur face So i l  

Mi t iga t ion 2 .3 .4 .  

In i t ia l  Screen ing:  A p re l iminary  examinat ion o f  the FHC s t ruc ture  

suggests  that  f loor  and dra in  removal  fo l lowed by so i l  excavat ion 

to  approx imate ly  th ree feet  can l i ke ly  be accompl ished wi thout  

bu i ld ing removal .  Th is  technology is  re ta ined for  fu r ther  

cons idera t ion.  
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2.3 .7 .3  St ruc tura l  Contaminat ion Capping ( f loor  and subf loor  

so i ls )  

descr ip t ion:  The concrete  f loor  in  the FHC bu i ld ing prov ides a 

phys ica l  bar r ie r  to  res t r ic t  access to  the contaminated top so i l  

under  the bu i ld ing.  The under ly ing so i l  i s  pro tec ted f rom ra in  

water  leach ing.  Contaminated so i l  beneath  the bu i ld ing and above 

the water  tab le  can be iso la ted by t reat ing the f loor  wi th  a 

sea lant  o r  membrane to  reduce permeabi l i ty  through the concrete .  

A new f loor ing appropr ia te  to  the bu i ld ing 's  in tended use can then 

be la id  over  the membrane and e f fec t ive ly  sea l  any contaminants  

above the water  tab le .  

In i t ia l—Screen ing:  Capping the ex is t ing f loor  wi th  an impermeable  

membrane over la in  by new indust r ia l  f loor ing can be eas i ly  done.  

The depth  o f  contaminants  beneath  the bu i ld ing is  not  known and 

conce ivab ly  cou ld  ex tend to  the water  tab le .  Therefore ,  f loor  

capp ing i s  not  cons idered to  be a re l iab le  a l ternat ive  for  

contaminated so i l  i so la t ion and i s  e l iminated f rom fur ther  

cons idera t ion.  

2 .3 .7 .4  Demol i t ion  

Descr ip t ion:  A chrome p la t ing p lant  was in  operat ion on th is  s i te  

in  1958.  The or ig ina l  s t ruc ture  is  now 24 years  o ld .  FHC began 

operat ions in  1970,  and some t ime before  1978 severa l  add i t ions to  

the bu i ld ing were comple ted.  For  i t s  use as a l igh t  indust ry  

s i te ,  the bu i ld ing is  not  over  age,  a l though there  may be some 

quest ion concern ing i ts  u t i l i t y  in  i ts  present  conf igura t ion.  

Demol i t ion  debr is  would  be sor ted in to  contaminated and non-

contaminated s tockp i les .  The contaminated s tockp i le  would  be 
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disposed o f  in  an appropr ia te ly  regu la ted landf i l l  depending on 

contaminant  concent ra t ion;  or  c rushed,  mi l led  and t reated to  

remove or  iso la te  contaminants .  

In i t ia l  Screen ing;  The c lean up o f  the bu i ld ing is  re la t ive ly  

d i f f i cu l t .  I t  is  recognized,  however ,  tha t  the bu i ld ing s t i l l  

re ta ins  commerc ia l  va lue and i s  cur rent ly  in  use.  Demol i t ion  may 

be requ i red i f  contaminat ion be low the bu i ld ing is  deeper  than 

about  3-5  feet .  For  these reasons bu i ld ing demol i t ion  i s  re ta ined 

for  fur ther  cons idera t ion.  

2 .3 .8  Disposa l  o f  Treated Mater ia l  

D isposa l  o f  a l l  t reated contaminated mater ia l  on-s i te  or  o f f -s i te  

must  meet  the var ious requ i rements  o f  regu la tory  agenc ies .  

Genera l ly ,  on-s i te  so lu t ions are  favored by SARA requ i rements .  

The mater ia ls  to  be d isposed inc lude t reated water ,  t reated so i l ,  

s ludge f rom t reatment  processes,  and contaminated vegeta t ion.  

2 .3 .8 .1  Treated Water  E f f luent  

A.  Munic ipa l  Treatment  Fac i l i ty  

Descr ip t ion:  The t reated water  can be d ischarged to  a 

nearby C i ty  o f  Vancouver  san i tary  sewer  i f  approved by the 

c i ty .  There i s  a san i tary  sewer  located on "Y"  St reet  which 

can accept  a  l im i ted e f f luent  f low.  

In i t ia l  Screen i  no:  The requ i rements  o f  the C i ty  o f  

Vancouver  must  be met  p r io r  to  d ischarge to  the c i ty  sewer .  

A key concern would  be the capac i ty  o f  the sewer  to  accept  

the e f f luent  f low.  Th is  i s  a feas ib le  method o f  d isposa l  

and w i l l  be fu r ther  invest igated.  
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Discharge to  Water  Body 

Descr ip t ion:  There i s  no ex is t ing  p ipe or  sewer  l ine  f rom 

the FHC s i te  to  the Columbia  R iver .  An e f f luent  d ischarge 

l ine  or  s torm sewer  connect ion would  need to  be const ruc ted 

to  a l low d ischarge to  the r iver .  Chron ic  f resh water  

tox ic i ty  c r i te r ia  would  need to  be met  a t  the po in t  o f  

d i  scharge.  

In i t ia l  Screen ing:  D ischarge to  the r iver  is  feas ib le  i f  

d ischarge water  qua l i ty  c r i te r ia  are  met  and a  d ischarge 

p ipe l ine or  s torm sewer  i s  const ruc ted to  the Columbia  

R iver .  

Evaporat ion 

Descr i  p t i  on:  Evaporat ion ponds are  const ruc ted to  reduce 

the vo lume o f  l iqu id  waste .  They are  dependent  on 

evaporat ion be ing greater  than ra in fa l l .  

In i t ia l—Screen ing:  The Vancouver  area exper iences more 

ra in fa l l  (40" )  than evaporat ion (30" )  on an annual  bas is  

render ing th is  method in feas ib le .  Evaporat ion o f  the water  

may leave dry  contaminated res idue on the pond wa l ls .  Th is  

res idue can become ava i lab le  fo r  a i rborne po l lu t ion.  Th is  

technology was e l iminated f rom fur ther  cons idera t ion.  

Recharge 

Descr ip t ion:  Recharge o f  t reated e f f luent  by we l ls ,  

t renches,  subsur face dra ins  or  in f i l t ra t ion bas ins  i s  

feas ib le .  In jec t ion wel ls  pump the.water  in to  the aqu i fer .  

Subsur face dra ins  and in f i l t ra t ion bas ins  re ly  on 
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perco la t ion through the so i l  and must  res t  on a  permeable  

s t ra tum.  Trenches are  deep excavat ions fo r  d i rec t  access to  

the aqu i fer .  

In i t ia l  Screen ing:  A l l  are  techn ica l ly  feas ib le .  Trenches 

w i l l  not  be cons idered fur ther  because o f  the potent ia l  fo r  

add i t iona l  contaminat ion f rom subsur face water .  A l l  o ther  

technolog ies  w i l l  be re ta ined for  fu r ther  cons idera t ion.  

2 .3 .8 .2  Treated So i l  D isposa l  

Descr ip t ion:  The technolog ies  o f  both  on-s i te  and o f f -s i te  

d isposa l  o r  landf i l l ing  are  covered in  Sect ion 2 .3 .4 .2 .  

In i t ia l  Screen ing:  Of f -s i te  and on-s i te  d isposa l  must  meet  s ta te ,  

loca l  and federa l  regu la t ions.  Of f -s i te  d isposa l  i s  genera l ly  not  

a  favored d isposa l  method under  SARA.  However ,  a l l  o f  the 

d isposa l  methods are  poss ib le  and w i l l  be cons idered fur ther .  

2 .3 .8 .3  Sludge 

Descr ip t ion:  I f  prec ip i ta t ion o f  contaminants  i s  used as a so i l  

o r  groundwater  t reatment  technology,  contaminated s ludges would  be 

produced.  The s ludges would  be contaminated w i th  chromium and 

poss ib ly  minor  amounts  o f  lead and n icke l .  The s ludges may be 

su i tab le  for  meta l  recovery ,  poss ib ly  through reso lub i l  i za t ion 

fo l lowed the recrys ta l l i za t ion.  Otherwise,  they would  be d isposed 

cons is tent  w i th  a l l  app l icab le  chapter  173-303 WAC, HSWA, and RCRA 

requ i rements .  Th is  would  requ i re ,  as  a  min imum, s ludge dewater ing 

unt i l  the res idua l  conta ined no f ree l iqu id .  

In i t ia l  Screen ino:  I f  the s ludge is  des ignated as a  DW or  EHW 

under  Chapter  173-303 WAC, i t  would  requ i re  t reatment  or  d isposa l  

a t  a  fac i l i t y  permi t ted under  th is  regu la t ion.  Chromium recovery  
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techno logy may be feas ib le  depending on the concent ra t ion o f  

chromium in  the s ludge and i s  pre fered under  SARA.  Both  o f  these 

technolog ies  are  re ta ined for  fur ther  cons idera t ion.  

2 .3 .8 .4  Contaminated Vegeta t ion 

Descr ip t ion:  Vegeta t ion may be contaminated w i th  heavy meta ls .  

The vo lume o f  p lant  mater ia l  cou ld  be reduced by inc inera t ion and 

then d isposed o f  on-s i te  or  o f f -s i te  in  an appropr ia te  landf i l l .  

In i t ia l  Screen ing:  Both  on-s i te  and o f f -s i te  d isposa l  are  

appropr ia te  fo r  contaminated vegeta t ion and w i l l  be fu r ther  

invest igated.  

2 .3 .9  Ins t i tu t iona l  Cont ro ls  

Ins t i tu t io r ra l  cont ro ls  are  e i ther  loca l  or  s ta te  regu la t ions that  can be 

promulgated and enforced to  pro tec t  the pub l ic  hea l th  in  the v ic in i ty  o f  

a  hazardous waste  s i te  before ,  dur ing or  a f ter  remedia t ion.  Three have 

been cons idered a t  the FHC s i te ;  wel l  permi t  res t r ic t ions,  s i te  access 

res t r ic t ions and land use res t r ic t ions.  

2 .3 .9 .1  Wel l  Permi t  Rest r ic t ions 

Descr ip t ion:  The Washington Sta te  Depar tment  o f  Eco logy does not  

have ju r isd ic t ion over  a l l  groundwater  we l l  ins ta l la t ions in  the 

s ta te .  The WDOE does not  issue permi ts  fo r  water  we l ls  which pump 

a t  ra tes  less  than 500 gpm.  

Under  the prov is ions o f  the Groundwater  Management  Act  (HB 232) ,  

the Clark  County  Groundwater  Adv isory  Commit tee i s  deve lop ing a 

groundwater  p ro tec t ion p lan which would  address pr iva te  users .  
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Al though local  po l icy  and p lans have not  yet  been developed,  th is  

may prov ide contro l  over  pr ivate wel l  ins ta l la t ion.  

The Water  Coord inat ion Act  requi res that  a l l  development  o f  publ ic  

water  systems inc lud ing wel ls  for  publ ic  use and industry  must  be 

approved by the Ci ty  o f  Vancouver  Publ ic  Works Depar tment .  

In i t ia l  Screening:  I t  may be feas ib le  to  rest r ic t  insta l la t ion of  

groundwater  wel ls  o f f -s i te  wi thout  the development  o f  new 

leg is la t ion.  

2.3.9.2 Si te  Access Restr ic t ions 

Descr ip t ion:  Two s i te  access rest r ic t ions are considered.  F i rs t ,  

rest r ic t ion of  publ ic  access.  Second,  rest r ic t ing occupat ional  

use o f  the s i te  as wel l .  The phys ica l  requi rements would be 

fences,  gates,  s igns and poss ib ly  a larm or  other  detect ion 

systems.  This  would l imi t  ingest ion of  so i l  and p lants ,  and 

inhalat ion of  par t icu lates.  

In  111a 1—Screening:  This  is  a feas ib le  contro l  and w i l l  be 

considered fur ther .  

2 .3.9.3 Land Use Restr ic t ions 

Descr ip t ion:  Land use rest r ic t ions could be implemented by the 

c i ty  to  l imi t  s i te  uses to  those which are appropr ia te for  the 

s i te 's  s tatus.  

In i t i  a l  Screening:  This  is  a feas ib le  contro l  and w i l l  be 

considered fur ther .  
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SUMMARY OF REMEDIAL TFCHNOLOGTFS 

Tab le  2-3  presents  the resu l ts  o f  the screen ing o f  technolog ies  

per formed in  th is  sect ion.  Th is  tab le  ident i f ies  those technolog ies  

that  were determined to  be unfeas ib le  or  inapp l icab le  and there fore  were 

e l iminated f rom fur ther  eva luat ion.  The tab le  a lso ident i f ies  those 

technolog ies  f rom Table  2-2  that  were re ta ined for  incorporat ion in to  

remedia l  a l te rnat ives in  Sect ion 3 .0 .  
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T A B L E  2 - 1  

FEASIBLE GENERAL RESPONSE ACTIONS AND 
ASSOCIATED CA.EGORIES OF REMEDIAL TECHNOLOGIES 

Genera l—Response Act ion Technology Categor ies  

No Act ion 

A i rborne Mi t iga t ion 

Sur face So i l  Mi t iga t ion 

Subsur face So i l  Mi t iga t ion 

Sur face Water  Mi t iga t ion 

Ground Water  Mi t iga t ion 

St ruc ture  Contaminat ion Mi t iga t ion 

Disposa l  o f  Treated Mater ia ls  

Ins t i tu t iona l  Cont ro ls  

Moni tor ing o f  Wel ls  
Moni tor ing o f  Sur face Contaminants  

Sur face So i l  Treatment  
Sur face So i l  Removal  
Wind Fences/Screens 

Sur face So i l  Treatment  
Sur face So i l  Removal  

So i l  Removal  fo r  Treatment  
D isposa l  
F ixa t ion/Stab i l i za t ion/  

So l id i f i ca t ion 
Contaminant  Ext rac t ion 

Sur face Capping 
Sur face Water  Co l lec t ion/Treatment  

Sur face Capping 
Leachate  P lume Bar r ie rs  
Groundwater  Removal  fo r  Treatment  
In jec t ion Recharge 
Water  Treatment  
In  S i tu  Groundwater  Water  Treatment  

In ter io r  Sur faces Contaminat ion 
Removal  

Contaminated St ruc ture  Removal  
S t ruc tura l  Contaminat ion Capping 
Demol i t ion  

Treated Water  E f f luent  
Treated So i l  D isposa l  
SIudge 
Contaminated Vegeta t ion 

S i te  Access Rest r ic t ions 
Land Use Rest r ic t ions 



T A B L E  2 - 2  

POTENTIAL TECHNOLOGIES FOR POLLUTION MITIGATION 
AT THE FRONTIER HARD CHROME SITE 

No Act ion 

.  Moni tor ing 

Pr iva te  Wel ls  
Moni tor ing Wel ls  
So i l  Sur faces 
Vegeta t ion 
A i r  Qual i ty  

A i rborne Mi t iga t ion 

.  Sur face So i l  Treatment  

Pav ing or  Capping 

a .  Asphal t  
b .  Por t land Cement  Concrete  
c .  Layered Cover  Systems 

F ixat ion/So l id i  f i ca t ion 

a .  Asphal t /So i l  
b .  Por t land Cement /So i l  
c .  L ime 
d .  Po lys i l i ca tes /F ly  Ash 
e .  Propr ie tary  Technolog ies  

Revegeta t ion 

.  Sur face So i l  Removal  

Of f -s i te  Disposa l  
On-s i te  Disposa l  
On-s i te  Treatment  

.  Wind Fences/Screens 
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Sur face So i l  Mi t iga t ion 

.  Sur face So i l  Treatment  

Pav ing or  Capping 

a .  Asphal t  
b .  Por t land Cement  Concrete  
c .  Layered Cover  System 

F ixat ion/So l id i f i ca t ion 

a .  Asphal t ic  
b .  Por t land Cement  
c .  L ime 
d .  Po lys i l i ca tes /F ly  Ash 
e .  Propr ie tary  Technolog ies  

Revegeta t ion 

.  Sur face So i l  Removal  

Of f -s i te  Disposa l  
On-s i te  Disposa l  
On-s i te  Treatment  

Subsur face So i l  Mi t iga t ion 

.  Soi l  Removal  fo r  Treatment  

Min ing 
Open Excavat ion 

.  Disposa l  

On-s i te  Disposa l  

a .  Landf i l l  
b .  Vau l t  

Of f -s i te  Disposa l  

.  F ixat ion/Stab i l i za t ion/So l id i f i ca t ion 

Gener ic  Methods 

a .  Por t land Cement  
b .  Asphal t ic  
c .  Pozzo lon ic /L ime 
d .  Organ ic  Po lymer  B ind ing 
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Propr ie tary  Technolog ies  

a .  RF Weston 
b .  Lopat  Indust r ies  
c .  Chiyoda CTG 
d .  Env i r i te  
e.  S i l icate Technologies 
f .  Chemf ix  
g .  Amer ican Tox ic  Waste  

.  Contaminant  Ext rac t ion 

So i l  Washing and Leach ing ( in  s i tu )  

a .  So lu t ion Min ing 
b .  Reduct ion 

So i l  Washing and Leach ing (on/o f f  s i te )  

a .  Water  
b .  Ac ids ,  Bases 
c .  Ox id iz ing Agents  
d .  D is t i l la t ion /Carbon Adsorpt ion 

Sur face Water  Mi t iga t ion 

.  Sur face Capping 

(See Category  2 ,  Sur face So i l  Treatment )  

.  Sur face Water  Co l lec t ion/Treatment  

Co l lec t ion 

a .  Channels /D i tches 
b .  Ponds 
c .  Storm Sewers  

Treatment  

(See Category  6 ,  Groundwater  Mi t iga t ion)  

Sur face Water  D isposa l  

(See Category  8 ,  D isposa l  o f  Treated Mater ia ls  
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Ground Water  Mi t iga t ion 

.  Sur face Capping 

(See Category  2 ,  Sur face So i l  Treatment )  

.  Leachate  P lume Barr ie rs  

a .  S lur ry  Wal ls  
b .  Grout  Cur ta ins  
c .  Sheet  P i le  Cuto f f  Wal ls  
d .  B lock Disp lacement  Method 

.  Groundwater  Removal  fo r  Treatment  

Pumping Systems 

a .  Wel l  Po in ts  
b .  Suct ion Wel ls  
c .  E jec tor  Wel ls  

Subsur face Dra inage Systems 

a .  Subsur face Dra ins  
b .  Trenches 
c .  Gal le r ies  

.  In jec t ion/Recharge 

Treated Water  (see i tem 8)  
Grad ient  Cont ro l  

.  Water  Treatment  

Inorgan ic  

a .  Neut ra l iza t ion 
b .  Prec ip i ta t ion 
c .  Reduct ion 
d .  Ch lor inat ion ( fo r  cyan ide)  
e .  Reverse Osmosis  
f .  Ion Exchange 
g .  F i l t ra t ion 
h .  Sedimentat ion 
i .  Di  s t i11at ion 
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Organic  

a .  Ozonat ion 
b .  Carbon Adsorpt ion 
c .  A i r  St r ipp ing 
d .  D is t i l la t ion  

In  S i tu  Groundwater  Treatment  

Permeable  Treatment  Beds 
In  S i tu  Phys ica l /Chemica l  Treatment  
In  S i tu  V i t r i f i ca t ion 
Biorec lamat ion 

7 .  St ruc ture  Contaminat ion Mi t iga t ion 

.  Sur face Contaminat ion Removal  ( In ter io r  Wal ls )  

P laner  Sur faces 

.  Contaminated St ruc tura l  Removal  

F loor  and Top So i l  

.  St ruc tura l  Contaminat ion Capping 

.  Demol i t ion  

8 .  D isposa l  o f  Treated Mater ia ls  

.  Treated Water  E f f luent  

Munic ipa l  Treatment  Fac i l i ty  
Discharge to  Water  Body 
Evaporat ion 

Recharge 

a .  Wel l  Po in ts  
b .  Trenches 

.  Treated So i l  D isposa l  

On-s i te  Disposa l  
On-s i te  Landf i l l  
Of f -s i te  Disposa l  
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.  Sludge 

Of f -s i te  Disposa l  
Chrome Recovery  

.  Contaminated Vegeta t ion 

On-Si te  Disposa l  
Of f -S i te  Disposa l  

9 .  Ins t i tu t iona l  Cont ro ls  

.  S i te  Access Rest r ic t ion  

.  Land Use Rest r ic t ions 

.  Wel l  Permi t  Rest r ic t ions 
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T A B L E  2 - 3  

SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 
FOR FRONTIER HARD CHROME SITE 

Reta ined fo r  
Remedia l  

A l te rnat ives 

E l iminated 
From Fur ther  

Eva luat ion 

No Act ion 

.  Moni tor ing 

Pr iva te  Wel ls  
Moni tor ing Wel ls  
So i l  Sur faces 
Vegeta t ion 
A i r  Qual i ty  

A i rborne Po l lu t ion Mi t iga t ion 

.  Sur face So i l  Treatment  

Pav ing or  Capping 

a .  
b .  
c .  

Asphal t  
Por t land Cement  Concrete  
Layered Cover  Systems 

F ixat ion/So l id i f i ca t ion 

a .  
b .  
c .  
d .  
e .  

Asphal t /So i l  
Por t land Cement /So i l  
L ime 
Po lys i l i ca tes /F ly  Ash 
Propr ie tary  Technolog ies  

Revegeta t ion 

.  Sur face So i l  Removal  

Of f -s i te  Disposa l  
On-s i te  Disposa l  
On-s i te  Treatment  

.  Wind Fences/Screens 

X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
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Reta ined fo r  
Remedia l  

A1ternat ives 

E l i m i n a t e d  
F r o m  F u r t h e r  

E v a l u a t i o n  

Sur face So i l  Mi t iga t ion 

.  Sur face So i l  Treatment  

Pav ing or  Capping 

a .  Asphal t  
b .  Por t land Cement  Concrete  
c .  Layered Cover  System 

F ixat ion/So l id i f i ca t ion 

a .  
b .  
c .  
d .  
e .  

Asphal t ic  
Por t land Cement  
L ime 
Po lys i l i ca tes /F ly  Ash 
Propr ie tary  Technolog ies  

Revegeta t ion 

.  Sur face So i l  Removal  

Of f -s i te  Disposa l  
On-s i te  Disposa l  
On-s i te  Treatment  

Subsur face So i l  Mi t iga t ion 

.  Soi l  Removal  fo r  Treatment  

Min ing 
Open Excavat ion 

.  Disposa l  

On-s i te  Disposa l  

a .  
b .  

Landf i l l  
Vau l t  

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
X 

Of f -s i te  Disposa l  
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Reta ined fo r  
Remedi  a l  

A1ternat ives 

E l i m i n a t e d  
F r o m  F u r t h e r  

E v a l u a t i o n  

.  F ixat ion/Stab i l i za t ion/So l id i f i ca t ion 

Gener ic  Methods 

a .  Por t land Cement  
b .  Asphal t ic  
c .  Pozzo lon ic /L ime 
d .  Organ ic  Po lymer  B ind ing 

Propr ie tary  Technolog ies  

X 
X 
X 

a .  
b .  
c .  
d .  
e .  
f .  
g. 

RF Weston 
Lopat  Indust r ies  
Chiyoda CTG 
Env i r i te  
S i l i ca te  Technolog ies  
Chemf ix  
Amer ican Tox ic  Waste  

X 
X 
X 
X 
X 
X 
X 

.  Contaminant  Ext rac t ion 

S o i l  W a s h i n g  a n d  L e a c h i n g  ( i n  s i t u )  

S o l u t i o n  M i n i n g  1  

Reduct ion 

So i l  Washing and Leach ing (on/o f f  s i te )  

a .  
b .  
c .  
d .  

Water  
Ac ids  and Bases x  
Ox id iz ing Agents  X 
D is t i l la t ion /Carbon Adsorp.  

5 .  Sur face Water  Mi t iga t ion 

.  Sur face Capping X 

(See I tem 2,  Sur face So i l  Treatment )  

.  Sur face Water  Co l lec t ion/Treatment  

Co l lec t ion 

a .  Channels /D i tches 
b .  Ponds 
c .  Storm Sewers  

X 
X 
X 

X 

X 

X 

X 
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Reta ined fo r  
Remedi  a l  

A l ternat ives 

a .  S lur ry  Wal ls  
b .  Grout  Cur ta ins  
c .  Sheet  P i le  Cuto f f  Wal ls  
d .  B lock Disp lacement  Method 

.  Groundwater  Removal  fo r  Treatment  

Pumping Systems 

a .  Wel l  Po in ts  
b .  Suct ion Wel ls  
c .  E jec tor  Wel ls  

Subsur face Dra inage Systems 

a .  Subsur face Dra ins  
b .  Trenches 
c .  Gal le r ies  

.  In jec t ion/Recharge 

Treated Water  (see i tem 8)  
Grad ient  Cont ro l  

.  Water  Treatment  

Inorgan ic  

a .  Neut ra l iza t ion 
b .  Prec ip i ta t ion 

X 
X 

E l i m i n a t e d  
F r o m  F u r t h e r  

E v a l u a t i o n  

Treatment  X 

(See I tem 5,  Groundwater  Treatment )  

Sur face Water  D isposa l  X 

(See I tem 7,  D isposa l  o f  Treated Mater ia ls )  

6 .  Ground Water  Po l lu t ion Mi t iga t ion 

.  Sur face Capping X 

(See I tem 2,  Sur face So i l  Treatment )  

.  Leachate  P lume Bar r ie rs  

X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
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Reta ined fo r  E l iminated 
Remedia l  From Fur ther  

A l ternat ives • Eva!uat ion 

c .  Reduct ion X 
d .  Ch lor inat ion ( fo r  cyan ide)  X 
e .  Reverse Osmosis  X 
f .  Ion Exchange X 
g .  Se lec t ive  Media  X 
h .  F i l t ra t ion X 
i .  Sedimentat ion X 
J .  D i  s t i11at i  on X 

Organ ic  

a .  Ozonat ion x  
b .  Carbon Adsorpt ion X 
c .  A i r  St r ipp ing x 
d.  D is t i l la t ion  X 

.  In  S i tu  Groundwater  Treatment  

Permeable  Treatment  Beds X 
In  S i tu  Phys ica l /Chemica l  Treatment  x 
In  S i tu  V i t r i f i ca t ion X 
B iorec lamat ion X 

S t ruc ture  Contaminat ion Mi t iga t ion 

.  Sur face Contaminat ion Removal  X 
( In ter io r  Wal ls )  

P lanar  Sur faces 

.  Contaminated St ruc tura l  Removal  X 

F loor  and Top So i l  

.  St ruc tura l  Contaminat ion Capping 

.  Demol i t ion  X 

8 .  D isposa l  o f  Treated Mater ia ls  

.  Treated Water  E f f luent  

Munic ipa l  Treatment  Fac i l i ty  X 
D ischarge to  Water  Body 
Evaporat ion 
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Reta ined fo r  
Remedi  a l  

A1ternat ives 

E l i m i n a t e d  
F r o m  F u r t h e r  

E v a l u a t i o n  

Recharge 

a .  Wel l  Po in ts  
b .  Trenches 

.  Treated So i l  D isposa l  

a .  On-Si te  Disposa l  
b .  On-Si te  Landf i l l  
c .  Of f -S i te  Disposa l  

9.  

.  Sludge 

Of f -s i te  Disposa l  
Chrome Recovery  

.  Contaminated Vegeta t ion 

On-Si te  Disposa l  
Of f -S i te  Disposa l  

Ins t i tu t iona l  Cont ro ls  

.  Wel l  Permi t  Rest r ic t ions 

.  S i te  Access Rest r ic t ion  

.  Land Use Rest r ic t ions 

X 
X 
X 

X 
X 

X 
X 

X 

X 
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3 - °  D E V E L O P M E N T  A N D  I N I T I A L  S C R E E N I N G  O F  R E M E D I A L  A L T E R N A T I V E S  

The technolog ies  screened in  Sect ion 2 .0  prov ide the bas is  fo r  the deve lopment  

o f  remedia l  ac t ion a l te rnat ives.  In  th is  sect ion,  the technolog ies  fo r  

var ious ob jec t ives are  fur ther  screened fo r  spec i f ic  app l icab i l i ty  to  th is  

s i te ,  capabi l i ty  to  be complementary  to  meet  remedia t ion c r i te r ia ,  be 

complementary  to  o ther  technolog ies  and re la t ive  cost .  The remain ing 

technolog ies  are  grouped in to  pre l iminary  remedia l  a l te rnat ives which cover  a  

range o f  remedia t ion f rom no ac t ion to  comple te  t reatment  o f  a l l  

contaminat ion.  The technolog ies  compr is ing each pre l iminary  remedia l  

a l te rnat ive  are  descr ibed,  the pub l ic  hea l th  and env i ronmenta l  cons idera t ions 

are  d iscussed,  and pre l iminary  cost  es t imates are  prov ided.  A l ternat ive  

screen ing i s  conducted fo l lowing the descr ip t ion o f  the a l te rnat ives.  Th is  

screen ing process i s  to  ident i fy  those a l te rnat ives o f  su f f ic ient  mer i t  to  

undergo deta i led  eva luat ion.  Th is  i s  ach ieved by e l iminat ing pre l iminary  

remedia l  a l te rnat ives that  have s ign i f icant  adverse env i ronmenta l  o r  pub l ic  

hea l th  impacts ,  o r  that  are  an order  o f  magni tude h igher  in  cost  than o ther  

a l te rnat ives prov id ing s imi lar  env i ronmenta l  and pub l ic  hea l th  benef i ts .  

Those a l te rnat ives not  e l iminated are  car r ied forward as f ina l  cand idate  

a l te rnat ives to  be descr ibed in  deta i l  in  Sect ion 4 .0 .  

3 - l  DEVELOPMENT OF PRELIMINARY REMEDIAL ALTERNATIVES 

The remedia l  a l te rnat ives deve loped for  the FHC s i te  must  address some 

or  a l l  o f  the remedia l  ob jec t ives es tab l ished in  Sect ion 1 .5 .  Pr ior  to  

assembl ing the pre l iminary  remedia l  a l te rnat ives,  per t inent  regu la t ions 

and c leanup leve ls  must  be ident i f ied  which determine the comple teness 

o f  remedia t ion.  Fo l lowing th is  s tep the mul t ip le  technolog ies  re ta ined 

in  Table  2-3  are  fu r ther  screened accord ing to  these c r i te r ia  and 

spec i f ic  FHC cond i t ions.  Then,  p re l iminary  remedia l  a l te rnat ives are  

deve loped on the bas is  o f  operat ion and per formance compat ib i l i t y  and 

acceptab le  eng ineer ing prac t ices that  a t ta in  to  vary ing degrees the 

remedia t ion requ i rements  and leve ls .  
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3.1 .1  Development  o f  Remedia l  Response Cr i te r ia  

In  th is  sect ion per t inent  regu la t ions and c leanup leve ls  app l icab le  to  

the FHC s i te  are  summar ized.  

Th is  hazardous waste  s i te  Feas ib i l i t y  Study process uses EPA des ignated 

Appl icab le  or  Relevant  and Appropr ia te  Requi rements  (ARARs)  as  gu idance 

to  be used in  rev iewing a l te rnat ive  remedia l  ac t ions.  App l icab le  

s tandards are  those that  would  lega l ly  app ly  i f  the ac t ion was not  be ing 

taken under  CERCLA.  Re levant  s tandards are  those des igned to  app ly  to  

c i rcumstances s imi la r  to  those encountered a t  CERCLA s i tes  in  which 

the i r  app l ica t ion would  be appropr ia te .  These ARARs shou ld  be used in  

the eva luat ion process as pr imary  des ign goa ls .  

SARA requ i res  the se lec ted remedy to  comply  w i th  ARARs in  CERCLA 

remedia l  ac t ions un less one o f  the fo l lowing app ly :  

1)  The a l te rnat ive  is  not  the f ina l  remedia l  ac t ion and w i l l  become 

par t  o f  a  more comprehens ive remedy.  

2)  The a l te rnat ive  is  techn ica l ly  impract ica l  f rom an eng ineer ing 

perspect ive  to  ach ieve the s tandard a t  the spec i f ic  s i te  in  

quest ion.  

3)  The a l te rnat ive  would  cause unacceptab le  human hea l th  or  

env i ronmenta l  damage even though meet ing ARARs.  

4 )  The a l te rnat ive  comes under  the fund ba lanc ing prov is ions o f  

CERCLA.  

5 )  The a l te rnat ive  w i l l  a t ta in  a s tandard o f  per formance that  i s  

equ iva lent  to  that  requ i red under  the app l icab le  ARARs.  



In  eva luat ing a l te rnat ives,  i t  is  f i rs t  necessary  to  determine which 

ARARs ex is t  fo r  the s i te  and contaminants .  S ta te  s tandards,  c r i te r ia  

and o ther  gu idance shou ld  a lso  be cons idered.  Fo l lowing is  

ident i f i ca t ion o f  the per t inent  requ i rements  fo r  the fHC s i te .  Tab le  3-1  

summar izes spec i f ic  water  qua l i ty  ARARs,  s tandards and gu idance 

c r i te r ia .  

A.  Federa l  Laws and Regula t ions 

1 .  Hazardous Waste /So l id  Waste  

Resource Conservat ion and Recovery  Act  (RCRA1.  as  amended h v  

PL 99-499.  (42 USC 69011 Subt i t le  C 

-  Pro tec t ion o f  groundwater  (40 CFR 264,  Subpar t  F)  

So l id  Waste  D isposa l  Act  Amendments  and Hazardous and So l id  

Waste  Amendments  (HSWA) o f  1984 

-  D isposa l  o f  contaminated so i ls  e i ther  on or  o f f -s i te .  

2 .  Water  

Safe  Dr ink ing Water  Act  (SDWA1 M2 USC 3001 

-  Dr ink ing Water  Standards (40 CFR 141)  

-  MCLs -  Max imum Contaminant  Leve ls  -  enforceab le  

s tandards 

-  MCLGs -  Max imum Contaminant  Leve l  Goals  -

unenforceab le  s tandards 
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Clean Water  Act  (CWA) (33 USE i?M)  

-  Nat iona l  Po l lu tant  Discharge E l iminat ion System 

(NPDES) (40 CFR 122)  

-  The NPDES permi t  program is  admin is tered by the 

Washington Depar tment  o f  Eco logy.  

-App l icab le  in  determin ing acceptab le  contaminant  

leve ls  i f  t reated water  i s  d ischarged in to  the 

Columbia  R iver .  

3 .  A i r  

Federa l  A i r  Qual i ty  Act ,  (42 USC 7401-76421 

-  Prov ides fo r  s ta te  implementat ion p lans fo r  nat iona l  

pr imary  and secondary  ambient  a i r  qua l i ty  s tandards 

-  The Sta te  o f  Washington has been de legated the 

author i ty  to  admin is ter  the Federa l  a i r  qua l i ty  

program.  

Clean A i r  Act  ( C M )  (72 USC 7401 )  

Nat iona l  Emiss ion Standards fo r  Hazardous A i r  

Po l lu tants  (NESHAPS) 

-  The NESHAPS program is  admin is tered by the Washington 

Depar tment  o f  Eco logy.  

-  EPA has se t  Nat iona l  Ambient  A i r  Qual i ty  Standards 

(NAAQS) fo r  cer ta in  po l lu tants .  Of  the po l lu tants  on 

the FHC s i te  lead is  the on ly  one w i th  a NAAQS a t  th is  

t ime.  Only  NAAQS are  recommended as app l icab le  or  

re levant  and appropr ia te  requ i rements  (ARARs) .  

Emiss ions f rom a i r  s t r ipp ing towers  fo r  organ ics  

removed must  be cons idered.  
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Washington Sta te  Laws and Regula t ions 

1 .  Hazardous Waste /So l id  Waste  

Washington So l id  Waste  Management  Act  (RCW 70.Q5i  

-  App l ies  to  so l id  waste  hand l ing.  Bas is  fo r  Washington 

Sta te  so l id  waste  program.  

-  Author izes min imum funct iona l  s tandards fo r  so l id  

waste  hand l ing (WAC 173-304) .  Ref lec ts  so l id  waste  

c r i te r ia  estab l ished by RCRA.  

-  Requi res  permi t  fo r  so l id  waste  d isposa l  

Washington Hazardous Waste  D isposa l  Act  (RCW 70.1051 

-  Prov ides Sta te  w i th  add i t iona l  author i ty  as requ i red 

by RCRA.  

Washington Dangerous Waste  Regula t ions fWAC 173-3031 

-  App l icab le  fo r  ident i f i ca t ion,  t ranspor t ,  t reatment ,  

s torage and d isposa l  o f  dangerous and ex t remely  

hazardous waste .  

-  Replaces WAC 173-302.  

-  Prov ides regu la t ion for  waste  d isposa l  s i tes  and waste  

character iza t ion.  

Washington Depar tment  o f  Eco logy 's  F ina l  C leanup P o l i r v  

-  Used fo r  gu idance in  es tab l ish ing c leanup leve ls .  



Water  

Washington Sta te  Water  Po l lu t ion Cont ro l  Act  fRCW 90.481 

-  Much o f  the regu la tory  respons ib i l i t y  o f  the Federa l  

Water  Po l lu t ion Cont ro l  Act  as  amended in  1972,  and 

the Federa l  C lean Water  Act  has been de legated to  the 

Sta te .  

-  Pro tec ts  aga ins t  the d ischarge o f  po l lu tants .  

-  Author izes use o f  water  qual i ty  regulat ions at  

hazardous waste s i tes.  

Washington Water  Qual i ty  Standards fWAC 173-2011 

-  Establ ishes water  qual i ty  s tandards for  sur face water .  

-  App l icab le  in  determin ing acceptab le  contaminant  

leve ls  i f  t reated water  i s  d ischarged in to  the 

Columbia  R iver .  

-  Used in  permi t t ing  process o f  sur face water  

d ischarges.  

Nat i  ona1 Pol lu tant  Discharge El iminat ion System Permi t  

Program (WAC I73-??01 

-  Appl icab le  i f  t reated water  i s  d ischarged through an 

out fa l l  in to  Sta te  sur face waters .  App l ies  on ly  to  

po in t  source d ischarges.  

Washington Sta te  Depar tment  o f  Eco logy admin is t ra t ion 

o f  EPA NPDES permi t  program.  
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Underground In jec t ion Cont ro l  Program (WAC 173-2181 

-  App l icab le  i f  t reated water  i s  re in jec ted in to  the 

ground fo r  contaminant  migra t ion cont ro l  in  aqu i fer  

recharge.  

Water  Code (RCW 90.031 and Water  R ights  (RCW 90.141 

-  Estab l ishes water  r igh ts  permi ts  necessary  fo r  water  

w i thdrawals ,  inc lud ing groundwater  ex t rac t ion over  500 

gpm.  

Pro tec t ion o f  Wi thdrawal  Fac i l i t ies  Assoc ia ted w i th  

Groundwater  R ights  (WAC 173-1501 

-  Rest r ic ts  ac t iv i t ies  which would  impai r  sen ior  

groundwater  r igh ts ,  inc lud ing water  leve l  lower ing and 

water  qua l i ty  degradat ion.  

Pro tec t ion o f  Upper  Aqu i fer  Zones fWAC 173-1541 

-  A lso res t r ic ts  ac t iv i t ies  which would  impai r  sen ior  

groundwater  r igh ts ,  inc lud ing water  leve l  lower ing and 

water  qua l i ty  degradat ion.  

Sta te  Waste  D ischarge Permi t  Program (WAC 173-2161 

-  App l icab le  fo r  d ischarge o f  t reated waste  in to  the 

ground and sur face water  o f  the s ta te  or  in to  

munic ipa l  sewage sys tems.  
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3.  A i r  

Washington Clean A i r  Act  (RCW 7n.QA)  

-  Creates county  or  a i r  po l lu t ion  cont ro l  author i t ies .  

-  Deve lops regu la t ions for  a i r  po l lu t ion  cont ro l .  

-Author i t ies  are  respons ib le  fo r  enforc ing s ta te  

regu la t ions (WAC 173-400 and 173-403) .  

-  Not ice  o f  const ruc t ion o f  new source.  

-  >pp l icab le  to  a i r  s t r ipp ing towers  fo r  organ ic  

removal .  

4 .  Other  

Sta te  Env i ronmenta l  Po l icy  Act  fSFPA)  (WAC 197-111 

-  Requi res  env i ronmenta l  rev iew for  Sta te  ac t ions.  

Env i ronmenta l  check l is t  and thresho ld  determinat ion to  

determine adverse env i ronmenta l  impacts .  

Determinat ion o f  S ign i f icance (DS)  o r  Nons ign i f icance 

(DNS) 

-  DNS ind icates  no fu r ther  env i ronmenta l  documentat ion 

(EIS)  i s  necessary .  

Loca l  Laws and Regula t ions 

1 .  P lann ing 

Agency:  P lann ing and Deve lopment  Depar tment ,  C i ty  o f  

Vancouver  
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Appl icab le  Respons ib i l i t y :  Has the funct ion o f  p lann ing,  

process ing,  and recommending changes and add i t ions to  zon ing 

ord inance.  Can a lso  des ignate  cer ta in  areas as sens i t ive  

deve lopment  areas.  

Bu i ld ing and Zon ing 

Agency:  Bu i ld ing and Zon ing Depar tment ,  C i ty  o f  Vancouver  

App l icab le  Respons ib i l i t y :  Enforcement  Agency fo r  C i ty  

bu i ld ing and zon ing code.  Issues demol i t ion  and bu i ld ing 

permi ts  based on app l icab le  bu i ld ing codes,  zon ing 

ord inance,  the comple t ion o f  an env i ronmenta l  check l is t  and 

records o f  in teres t  f i led  wi th  the Depar tment .  

Water  Supply  

Agency:  Pub l ic  Works Depar tment ,  C i ty  o f  Vancouver  

App l icab le  Respons ib i l i t y :  The c i ty  water  sys tem is  fu l ly  

deve loped in  the FHC area.  The Water  Coord inat ion Act  

requ i res  that  a l l  deve lopment  o f  pub l ic  water  sys tems 

inc lud ing wel ls  fo r  pub l ic  use and indust ry  must  be approved 

by  the water  purveyor ,  in  th is  case the C i ty  o f  Vancouver  

Pub l ic  Works Depar tment  -  Water .  The Coord inated Water  

System Plan deve loped by the Clark  County  Water  U t i l i t y  

Coord inat ing Commit tee does not  address pr iva te  wel ls .  

Agency:  Groundwater  Management  Adv isory  Commit tee,  C lark  

County  

App l icab le  Respons ib i l i t y :  Under  the prov is ions o f  the 

Groundwater  Management  Act  (HB 232)  th is  loca l  commi t tee i s  



deve lop ing a groundwater  p ro tec t ion p lan which would  address 

pr iva te  users .  A l though loca l  po l icy  and p lans have not  ye t  

been deve loped th is  may prov ide the approx imate venue fo r  

pr iva te  water  use.  

Wastewater  Treatment /D ischarge 

Agency:  Pub l ic  Works Depar tment ,  C i ty  o f  Vancouver  

App l icab le  Respons ib i l i t y :  The Pub l ic  Works Depar tment  has 

pre t reatment  requ i rements  fo r  to ta l  chromium o f  1 .7  ppm.  

There i s  no spec i f ic  requ i rement  fo r  organ ics .  The 

ord inance is  cur rent ly  be ing rev iewed.  A permi t  i s  

requ i red.  Treatment  p lant  concept  capac i ty  i s  about  12.5  

mgd.  

Dra inage 

Agency:  Pub l ic  Works Depar tment ,  C i ty  o f  Vancouver  

App l icab le  Respons ib i l i t y :  A permi t  i s  requ i red for  

s tormwater  d ischarge.  

A i r  Po l lu t ion 

Agency:  Southwest  Washington A i r  Po l lu t ion Cont ro l  

Author i ty  

Respons ib i l i t y :  A permi t  i s  requ i red for  any a i r  emiss ion.  

Requi res  a Best  Ava i lab le  Cont ro l  Technology (BACT)  tha t  i s  

economica l ly  feas ib le .  
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7.  So l  id  Waste 

Agency:  Southwest  Washington Heal th  D is t r ic t  

Respons ib i l i t y :  Coord inates  the d isposa l  o f  so l id  waste .  

Categor ies  o f  Remedia l  Ac t ion 

The process fo r  formula t ing a l te rnat ives embodies  

o f  ob jec t ives and recogniz ing that  d i f fe rent  leve ls  

are  assoc ia ted w i th  d i f fe rent  degrees o f  cost  and 

categor ies  o f  a l te rnat ives are  es tab l ished as par t  

are  presented be low:  

1)  No Act ion.  

2)  A l ternat ives in  which app l icab le  or  re levant  pub l ic  hea l th  

and env i ronmenta l  s tandards are  not  a t ta ined,  but  the major  

human and env i ronmenta l  hea l th  concerns are  addressed.  

3)  A l ternat ives in  which a l l  app l icab le  or  re levant  pub l ic  

hea l th  and env i ronmenta l  s tandards are  a t ta ined-

4)  A l ternat ives in  which a l l  app l icab le  or  re levant  pub l ic  

hea l th  and env i ronmenta l  s tandards are  exceeded.  

5)  A l ternat ives in  which the contaminated mater ia ls  are  t reated 

or  d isposed,  as  appropr ia te ,  in  an o f f -s i te  hazardous waste  

fac i l i t y  approved by the U.S.  Env i ronmenta l  Pro tec t ion 

Agency.  

p r io r i t i za t ion 

o f  remedia t ion 

benef i t .  F ive  

o f  the NCP and 
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Addi t iona l ly ,  recent  EPA gu idance pursuant  to  1986 SARA requ i res  

that  a t  least  one a l te rnat ive  should  be cons idered which,  to  the 

degree prac t ica l ,  e l iminates  the need fo r  long term moni tor ing a t  

the s i te .  

3 .1 .1 .1  Sur face So i ls  

The Endangerment  Assessment  (Appendix  A)  ind icates  that  hazards to  

pub l ic  hea l th  are  not  excess ive due to  e i ther  ingest ion o f  sur face 

so i ls  or  inha la t ion o f  pro jec ted a i rborne par t icu la tes  f rom the 

s i te .  Therefore  i t  is  expected that  the ARARs are  met  under  

cur rent  cond i t ions.  However ,  i t  should  be noted that  shor t - te rm 

a i rborne contaminant  exposure cou ld  not  be addressed.  

There i s  reason to  improve cond i t ions to  bet ter  than requ i red 

under  the ARARs fo r  sur face so i ls  in  order  to  accommodate 

potent ia l  land use changes which cou ld  increase the r isk  to  human 

hea l th  and the env i ronment .  Th is  cou ld  inc lude fug i t ive  dust  f rom 

areas w i th  h igher  Cr  and Ni  concent ra t ions than incorporated in  

the Fug i t ive  Dust  model  in  Appendix  A.  

The weighted average so i l  content  o f  to ta l  Cr  fo r  the model  source 

i s  120 ug/g .  The model  a lso  assumed that  2% o f  to ta l  Cr  i s  Cr+6 

(Cr+6 =  2 .4  ug/g) .  The weighted average fo r  Ni  i s  14 ug/g  in  the 

fug i t ive  dust  source w i th in  the model  assumpt ions.  The combined 

mean r i sk  f rom these two carc inogens is  est imated in  the 

Endangerment  Assessment  a t  2 .2  x  10"7 (1 .9  x  10"7 +  0 .3  x  10"7,  

see Appendix  A) .  I f  the source concent ra t ion assumpt ion in  the 

model  were increased by a  fac tor  o f  4 .6 ,  the combined mean r i sk  

would  be increased to  10"®.  

Therefore  a c r i te r ia  for  removal  o r  conf inement  o f  sur face so i ls  

to  prevent  any fug i t ive  dust  f rom areas where concent ra t ions o f  Cr  

o r  N i  exceed 4 .6  t imes the model  source weighted average would  
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prov ide pro tec t ion for  fu ture  a l tered land uses.  Recommended 

sur face so i l  c leanup or  capp ing shou ld  address areas as fo l lows:  

Tota l  Cr  >  550 ug/g  (based on 4 .6  x  120 ug/g  = 552 ug/g)  

N i  >  64 ug/g  (based on 4 .6  x  14 ug/g  =  64 ug/g)  

EP Tox ic i ty  tes ts  were conducted on sur face so i ls  (see RI  Tab le  

5 .3 .3-4) .  A detec tab le  read ing (0 .2  mg/1)  was obta ined for  on ly  

one sample  ( in  7) ,  which had to ta l  Cr  *  5 ,200 ug/g .  A read ing o f  

5 .0  mg/1 would  c lass i fy  the waste  as  dangerous per  the EP tox ic i ty  

tes t  c r i te r ia .  The so i l  concent ra t ions to ta l  Cr  fo r  the 6 non-

detec tab le  samples ranged f rom 25 to  880 ug/g .  Removal  o f  so i ls  

f rom the s i te  a t  a l l  concent ra t ions o f  Cr  detec ted (5 ,200 ug/g  

max)  would  a l low d isposa l  a t  a  l ined munic ipa l  so l id  waste  s i te  

operat ing in  accordance w i th  173-304 WAC based on the EP tox ic i ty  

tes t .  However ,  add i t iona l  tes t ing (aquat ic  b io-assay)  per  Chapter  

173-303 (Dangerous Waste  Regula t ions)  WAC would  be requ i red before  

d isposa l  o f  mater ia ls .  A l though there  are  no landf i l l s  operat ing 

in  accordance w i th  173-304 WAC in  the FHC area a t  th is  t ime,  i t  is  

ant ic ipated that  an ex is t ing  landf i l l  in  the Vancouver  v ic in i ty  

w i l l  come in to  compl iance by la te  1989.  

The c r i te r ia  leve l  fo r  c leanup app l ied to  Cr  contaminated so i ls  

fo r  pub l ic  hea l th  pro tec t ion under  fu ture  potent ia l  a l te rnate  land 

uses (areas w i th  Cr  >  550 ug/g)  w i l l  a lso  pro tec t  aga ins t  e f fec ts  

on ch i ld ren ingest ing the so i ls .  Long term ingest ion o f  5  grams 

o f  so i l  per  day a t  concent ra t ions greater  than 850 ug/g  cou ld  be 

harmfu l .  Pb concent ra t ion c r i te r ia  for  c leanup a t  o ther  

contaminated s i tes  has been 500 to  1000 ug/g  (Appendix  A) .  A Pb 

ac t ion leve l  fo r  the FHC s i te  is  not  requ i red s ince i t  is  assumed 

that  any lead leve ls  o f  concern would  be removed dur ing excavat ion 

o f  Cr  to  the appropr ia te  ac t ion leve l .  
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3 . 1 . 1 . 2  Struc ture /Subs t ruc ture  Soi l s  

T h e  R I  c o n c l u d e s  t h a t  a  h e a l t h  r i s k  c o u l d  e x i s t  f o r  o c c u p a n t s  o f  

t h e  F H C  b u i l d i n g .  T h e  s t r u c t u r e  i t s e l f  i s  c o n t a m i n a t e d  a s  s h o w n  

b y  s u r f a c e  w i p e  s a m p l e s  a n d  s u b s t r u c t u r e  s o i l s  a r e  c o n t a m i n a t e d  t o  

a b o v e  r e c o m m e n d e d  l e v e l s  f o r  s u r f a c e  s o i l  c l e a n u p  ( C r >  5 5 0  u g / g ) .  

H o w e v e r ,  t h e  E n d a n g e r m e n t  A s s e s s m e n t  c o n c l u d e s  t h a t  t h e  h e a l t h  

r i s k  a s s o c i a t e d  w i t h  i t s  c o n t i n u e d  c u r r e n t  u s e  i s  m i n i m a l .  

C r i t e r i a  f o r  c l e a n u p  s h o u l d  i n c l u d e  s t i p u l a t i o n  f o r  m i t i g a t i o n  o f  

i m p a c t s  f r o m  s t r u c t u r e  c o n t a m i n a t i o n  a n d  t o  s u b f l o o r  s o i l s  w i t h  

C r >  5 5 0  u g / g .  I f  t h e  s t r u c t u r e  i s  d e m o l i s h e d ,  d e m o l i t i o n  

m a t e r i a l s  s h o u l d  b e  t e s t e d  t o  d e t e r m i n e  t h e i r  s t a t u s  a c c o r d i n g  t o  

W a s h i n g t o n  h a z a r d o u s  o r  d a n g e r o u s  w a s t e  r e g u l a t i o n s  b e f o r e  a  

d i s p o s a l  s i t e  c o u l d  b e  f i n a l l y  d e t e r m i n e d .  H o w e v e r ,  w e  h a v e  n o  

i n d i c a t i o n  a t  t h i s  t i m e  t h a t  i t  c o u l d  n o t  b e  d i s p o s e d  o f  i n  a  

l i n e d  l a n d f i l l  m e e t i n g  t h e  M i n i m u m  F u n c t i o n a l  S t a n d a r d s  o f  1 7 3 - 3 0 4  

W A C  a s s u m i n g  o n e  w e r e  a v a i l a b l e .  

3 . 1 . 1 . 3  V e g e t a t i o n  

T h e  E n d a n g e r m e n t  A s s e s s m e n t  d o e s  n o t  c o n c l u d e  t h a t  t h e r e  i s  

c u r r e n t l y  a n  u n a c c e p t a b l e  r i s k  a s s o c i a t e d  w i t h  v e g e t a t i o n  o n  t h e  

s i t e  ( i n c l u d i n g  b l a c k b e r r i e s ) .  C a l c u l a t i o n s  i n d i c a t e  t h a t  C r  

l e v e l s  w o u l d  h a v e  t o  e x c e e d  3 7  u g / g  d r y  s o l i d s  ( 3 . 7  u g / g  w e t  

s o l i d s )  i n  t h e  b e r r i e s  b e f o r e  a  p o t e n t i a l  r i s k  o f  a d v e r s e  h e a l t h  

e f f e c t  w o u l d  b e  p r e s e n t e d  t o  a  c o n s u m e r .  

3 . 1 . 1 . 4  S u b s u r f a c e  S o i l  R e m e d i a l  C r i t e r i a  

C o n t a m i n a t e d  s u b s u r f a c e  s o i l s  p r o v i d e  a  r e s e r v o i r  o f  p o l l u t a n t s  

f o r  r e l e a s e  i n t o  t h e  g r o u n d w a t e r .  T h e r e  i s  n o  d i r e c t  r i s k  t o  

h e a l t h  o r  t h e  e n v i r o n m e n t  f r o m  t h e s e  s o i l s  b u t  r e m e d i a t i o n  o f  

g r o u n d w a t e r  c o n t a m i n a t i o n  m a y  b e  a c c o m p l i s h e d  o n l y  i n  p a r t  b y  
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I n i t i a l  S c r e e n i n g :  N e u t r a l i z a t i o n  i s  g e n e r a l l y  a p p l i c a b l e  

t o  a q u e o u s  l e a c h a t e  s t r e a m s .  N e u t r a l i z a t i o n  i s  a n  i n i t i a l  

s t e p  i n  w a t e r  t r e a t m e n t .  T h i s  t e c h n o l o g y  w a s  r e t a i n e d  f o r  

f u r t h e r  c o n s i d e r a t i o n .  

P r e c i p i t a t i o n  

D e s c r i p t i o n :  P r e c i p i t a t i o n  i s  a  w i d e l y  u s e d  r e l a t i v e l y  l o w -

c o s t  c h e m i c a l  p r o c e s s  i n  w h i c h  t h e  c h e m i c a l  e q u i l i b r i u m  o f  a  

w a s t e  i s  c h a n g e d  t o  r e d u c e  t h e  s o l u b i l i t y  o f  t h e  u n d e s i r e d  

c o m p o n e n t s .  T h e s e  c o m p o n e n t s  p r e c i p i t a t e  o u t  o f  s o l u t i o n ,  

a s  a  s o l i d  p h a s e ,  o f t e n  i n  t h e  f o r m  o f  s m a l l  o r  e v e n  

c o l l o i d a l  p a r t i c l e s ,  a n d  a r e  r e m o v e d  b y  o n e  o f  s e v e r a l  

p o s s i b l e  s o l i d s  r e m o v a l  t e c h n i q u e s .  P r e c i p i t a t i o n  i s  m o s t  

c o m m o n l y  u s e d  t o  t r e a t  h e a v y  m e t a l s  c o n t a i n i n g  w a s t e s .  

P r e c i p i t a t i o n  i s  i n d u c e d  b y  o n e  o f  t h e  f o l l o w i n g  m e a n s :  

.  a d d i n g  a  c h e m i c a l  t h a t  w i l l  r e a c t  w i t h  t h e  h a z a r d o u s  

c o n s t i t u e n t  i n  s o l u t i o n  t o  f o r m  a n  i n s o l u b l e  c o m p o u n d .  

a d d i n g  a  c h e m i c a l  t o  c a u s e  a  s h i f t  i n  s o l u b i l i t y  

e q u i l i b r i u m ,  r e d u c i n g  t h e  s o l u b i l i t y  o f  t h e  h a z a r d o u s  

s u b s t a n c e .  

c h a n g i n g  t h e  t e m p e r a t u r e  o f  a  s a t u r a t e d  o r  n e a r l y  

s a t u r a t e d  s o l u t i o n  i n  t h e  d i r e c t i o n  o f  d e c r e a s e d  

s o l u b i l i t y .  

C h e m i c a l  a d d i t i v e s  a r e  m o s t  c o m m o n l y  u s e d .  T y p i c a l  r e a g e n t s  

a r e :  

s o d i u m  h y d r o x i d e ,  s o d i u m  s u l f i d e  
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l i m e  ( C a ( O H ) 2 )  

i r o n  s a l t s ,  i r o n  s u l f i d e ,  f e r r i c  s u l f a t e  

p h o s p h a t e  s a l t s  ( e s p e c i a l l y  f o r  h e a v y  m e t a l s  

a l u m  ( A 1 2 ( S O ^ ) 3 )  

I n i t i a l  S c r e e n i n g :  T h e  t h e o r e t i c a l  r e m o v a l  l i m i t s  f o r  m a n y  

m e t a l  s p e c i e s  i s  v e r y  l o w ,  p a r t i c u l a r l y  w i t h  s u l f i d e  

p r e c i p i t a n t s .  T h e  t h e o r e t i c a l  l i m i t  i s  a  f u n c t i o n  o f  t h e  

w a s t e ' s  p H .  S o m e  o r g a n i c  s p e c i e s  c a n  a l s o  b e  t r e a t e d .  

R e m o v a l  i n  p r a c t i c e  o f t e n  i s  o n e  t o  t w o  o r d e r s  o f  m a g n i t u d e  

l e s s  t h a n  t h e  t h e o r e t i c a l  l i m i t .  

C o m p l e x i n g  a g e n t s ,  s u c h  a s  c y a n i d e  o r  E D T A ,  c o m p e t e  w i t h  t h e  

p r e c i p i t a n t  a n d  m a y  h o l d  t h e  s p e c i e s  i  r r  s o l u t i o n .  

P r e c i p i t a t i o n  m a y  b e  o n e  s t a g e  i n  w a t e r  t r e a t m e n t  a n d  

t h e r e f o r e  w a s  r e t a i n e d  f o r  f u r t h e r  c o n s i d e r a t i o n .  

R e d u c t i o n  ( F o r  C r )  

D e s c r i p t i o n :  H e x a v a l e n t  c h r o m i u m  ( C r 6 )  c a n  b e  r e d u c e d  t o  

t r i v a l e n t  c h r o m i u m  ( C r 3 ) .  T h e  r e d u c t i o n  p r o c e s s  i s  f o l l o w e d  

b y  C r 3  r e m o v a l  t h r o u g h  p r e c i p i t a t i o n  a s  t h e  i n s o l u b l e  

s u l f a t e .  C h r o m i u m  r e d u c t i o n  i s  c a r r i e d  o u t  b y  a d d i n g  a  

r e d u c i n g  a g e n t  u n d e r  h i g h l y  a c i d i c  c o n d i t i o n s  ( o f  p H  2  t o  

3 ) .  T h i s  t e c h n o l o g y  m a y  a l s o  h a v e  p o t e n t i a l  u s e  f o r  i n  s i t u  

t r e a t m e n t .  

I n i t i a l  S c r e e n i n g :  R e d u c i n g  a g e n t s  i n c l u d e :  S u l f u r  d i o x i d e  

g a s  ( S 0 2 ) ,  s o d i u m  ( N a H S 0 3 ) ,  a n d  i r o n  s u l f a t e  ( F e S 0 4 ) .  
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a d d r e s s i n g  t h e s e  s o i l s  a n d  t h e i r  c o n t a m i n a n t  c o n t e n t .  C r  e x i s t s  

a s  a b o u t  2 %  t o  6 %  C r + ®  i n  t h e  s u b s u r f a c e  s o i l s  o n  t h e  s i t e  ( s e e  R I  

T a b l e  6 . 1 - 6 ) .  T h e  C r + ®  p r o p o r t i o n  o f  t o t a l  C r  i n  g r o u n d w a t e r  i s  

f r e q u e n t l y  a t  o r  n e a r  1 0 0 % ,  w i t h  d e v i a t i o n s  i n  a r e a s  o f  v e r y  h i g h  

s o i l  a n d  w a t e r  C r  c o n c e n t r a t i o n s .  T h i s  i s  p e r h a p s  a t t r i b u t a b l e  t o  

l a b o r a t o r y  t e s t  r e s u l t  v a r i a t i o n s  ( s e e  R I  T a b l e  6 . 1 - 6  a n d  

c o m p a r i s o n  o f  R I  F i g u r e s  6 - 2 3  t o  6 - 2 5  a n d  6 - 2 4  t o  6 - 2 6 ) .  T h i s  

i m p l i e s  t h a t  t h e  p r i m a r y  m o b i l e  f o r m  o f  C r  i n  g r o u n d w a t e r  i s  C r + ® .  

T o t a l  C r  a n d  C r " 1 " ^  R e l a t i o n s h i p  

T e s t s  f o r  C r  a n d  C r + ®  d e s o r p t i o n  f r o m  s u b s u r f a c e  s o i l s  w e r e  

c o n d u c t e d  d u r i n g  t h e  P h a s e  2  R I  ( s e e  R I  A p p e n d i x  F ) .  T h e  

s u b s u r f a c e  s o i l  s a m p l e  u s e d  w a s  f r o m  t h e  c l a y e y  s o i l s  f o u n d  a t  a  

d e p t h  o f  a b o u t  1 7 . 5  f t .  I t  c o n t a i n e d  a n  i n i t i a l  C r  =  3 , 1 0 0  u g / g  

a n d  C r + 6  -  6 7  u g / g  ( 2 . 2 % ) .  C o n c e n t r a t i o n s  o f  d e s o r b e d  C r  i n  t h e  

w a t e r  s h o w e d  8 0 %  C r + 6 .  T h e  a m o u n t  o f  C r + 6  i n  t h e  t e s t  w a t e r  

a v e r a g e d  1 1 6 %  o f  t h a t  a v a i l a b l e  i n  t h e  s o i l  s a m p l e s .  T h e s e  t e s t s  

i m p l y  a g a i n  t h a t  m o s t  C r  m o b i l i z e d  i s  C r " * " ® .  T h e y  a l s o  i n d i c a t e  

t h a t  u n d e r  a e r o b i c  s o i l  a n d  g r o u n d w a t e r  c o n d i t i o n s  t h e  t r i v a l e n t  

c h r o m i u m ,  w h i c h  i s  p r e d o m i n a n t l y  n o n m o b i l e  d u e  t o  s o i l  s o r p t i o n  

( c a t i o n  e x c h a n g e ,  h y d r o x i d e  p r e c i p i t a t i o n ,  e t c . ) ,  o x i d i z e s  t o  C r + ®  

a n d  b e c o m e s  a  m o b i l e  a n i o n .  

( 8  H 2 0  +  4  C r + 3  +  3  0 2  =  2  C r 2 0 7 "  +  1 4 H + )  

E x t r a p o l a t i o n  o f  d a t a  f r o m  t h e  d e s o r p t i o n  t e s t s  p r e s e n t e d  i n  t h e  

R I  A p p e n d i x  F  i n d i c a t e d  a  c o n v e r s i o n  r a t e  o f  n e a r l y  0 . 2 5 %  o f  t h e  

t o t a l  C r  p e r  d a y .  T h i s  i s  p r o b a b l y  m u c h  g r e a t e r  t h a n  t h e  

o x i d a t i o n  r a t e  u n d e r  i n  s i t u  c o n d i t i o n s  d u e  t o  t h e  c o n t i n u o u s  

a g i t a t i o n .  A n  i n  s i t u  c o n v e r s i o n  r a t e  o f  0 . 0 1  t o  0 . 0 5  p e r  y e a r  

s e e m s  p o s s i b l e  i n  t h e  p r o f e s s i o n a l  o p i n i o n  o f  g e o c h e m i s t s  a n d  
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s a n i t a r y  e n g i n e e r s  i n v o l v e d  i n  t h i s  F S .  A  f i r s t  o r d e r  o x i d a t i o n  

o r  c o n v e r s i o n  m o d e l  w o u l d  b e  

l n  ^  '  " k  ( t 2  '  t l )  

w h e r e :  C j  a n d  C 2  =  T o t a l  C r ,  s o i l  

c o n c e n t r a t i o n  a t  t i m e  t j  a n d  t 2  

t j  a n d  t 2  =  t i m e ,  y e a r s  

k  »  f i r s t  o r d e r  r a t e  c o n s t a n t ,  

0 . 0 1  t o  0 . 0 5  y r ~ *  ( E s t i m a t e )  

B a t t e l l e  N o r t h w e s t  L a b o r a t o r i e s  i n  1 9 8 6  p r e p a r e d  a  r e p o r t  f o r  t h e  

E l e c t r i c  P o w e r  R e s e a r c h  I n s t i t u t e  o n  " G e o c h e m i c a l  B e h a v i o r  o f  

C h r o m i u m  S p e c i e s . "  I n  t h a t  d o c u m e n t  t h e y  r e p o r t e d  o n  t e s t s  

s h o w i n g  t h a t :  

1 .  C r + 3  e q u i l i b r i u m  w i t h  C r  ( 0 H ) 3 ( s )  w o u l d  p r o b a b l y  r e s u l t  i n  

C r + 3  c o n c e n t r a t i o n s  r e m a i n i n g  b e l o w  d r i n k i n g  w a t e r  l i m i t s  i n  

t h e  p H  r a n g e  o f  6  t o  1 1 .  

C r  t o  C r + ®  o x i d a t i o n  d o e s  o c c u r  i n  a e r o b i c  s y s t e m s ,  

e n h a n c e d  b y  t h e  p r e s e n c e  o f  m a n g a n e s e ,  a n d  p o t e n t i a l l y  o t h e r  

s a l t s ,  i n  s o l i d  f o r m  a s  c o u l d  o c c u r  i n  a  c l a y e y  s o i l  m a t r i x .  

3 .  C r + 6  a n i o n i c  c o m p o u n d s  ( C r 0 4 " ,  C r 2 0 7 = )  a d s o r b  t o  s i t e s  

w i t h i n  t h e  s o i l  m a t r i x  a n d  a r e  a f f e c t e d  b y  s o i l  c h e m i s t r y ,  

i n c l u d i n g  p H  a n d  i r o n  ( F e )  c o n t e n t .  T h e y  f o u n d  t h a t  

" p e r c e n t  a d s o r p t i o n "  d e c r e a s e s  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n s ,  i m p l y i n g  t h a t  i t  i n c r e a s e s  w i t h  d e c r e a s i n g  

c o n c e n t r a t i o n .  T h e y  c o n c l u d e d  t h a t  t h e  a d s o r p t i o n  f o l l o w s  a  

l i n e a r  L a n g m u i r  i s o t h e r m .  L a n g m u i r  i s o t h e r m s  d e s c r i b e  

s y s t e m s  w h e r e  t h e  " m a s s  a d s o r b e d "  i n c r e a s e s  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n  a n d  d e c r e a s e s  w i t h  d e c r e a s i n g  c o n c e n t r a t i o n .  

3 -16  



D a t a  f o r  e s t i m a t i n g  t h e  r a t e s  f o r  c o n v e r s i o n  o f  C r + 3  t o  C r + ^  o r  

f o r  r e t a r d a t i o n  d u e  t o  C r  ®  a n i o n  s o r p t i o n  o n  t h e  s o i l s  w e r e  n o t  

a v a i l a b l e  i n  e i t h e r  t h e  B a t t e l l e  r e p o r t  o r  e l s e w h e r e  i n  t h e  

l i t e r a t u r e .  I t  i s  t h e r e f o r e  d i f f i c u l t  t o  s u p p o r t  w i t h  a  h i g h  

c e r t a i n t y  t h e  c o n v e r s i o n  r a t e  o f  C r + 3  t o  C r + 6  i n  t h e  F r o n t i e r  H a r d  

C h r o m e  s i t e  s o i l s .  A d d i t i o n a l  w o r k  s u c h  a s  b e n c h  s c a l e  a n d  p i l o t  

o r  f i e l d  t e s t i n g  i s  n e e d e d  b e f o r e  r e m e d i a l  a c t i o n s  a r e  d e s i g n e d  

a n d  i m p l e m e n t e d  t h a t  i n v o l v e  s o i l  r e m o v a l  a n d / o r  g r o u n d w a t e r  

p u m p i n g  a n d  t r e a t i n g  r e l a t i v e  t o  m e e t i n g  s p e c i f i c  g r o u n d w a t e r  

q u a l  i t y  s t a n d a r d s .  

S o i l  a n d  G r o u n d w a t e r  C r  R e l a t i o n s h i p  

C o m p a r i s o n  o f  b a c k g r o u n d  c h r o m i u m  c o n c e n t r a t i o n s  i n  s o i l s  a n d  

g r o u n d w a t e r  p r o v i d e s  s o m e  b a s i s  f o r  e s t a b l i s h i n g  s o i l  c l e a n u p  

a c t i o n  l e v e l s .  A n  e q u i l i b r i u m  r e l a t i o n s h i p  b e t w e e n  s o i l  a n d  

g r o u n d w a t e r  c o n c e n t r a t i o n s  u n d o u b t e d l y  e x i s t s .  S o i l  a n d  w a t e r  C r  

c o n c e n t r a t i o n s  f o r  t h e  F r o n t i e r  H a r d  C h r o m e  s i t e ,  V a n c o u v e r ,  W A  

a r e a ,  U n i t e d  C h r o m e  s i t e  ( C o r v a l l i s ,  O R )  a n d  U S A  a v e r a g e  a r e  

p l o t t e d  o n  F i g u r e  3 - 1 .  R e c o g n i z i n g  t h a t  a l l  F H C  a n d  U n i t e d  C h r o m e  

( U . C . )  d a t a  o r i g i n a t e d  w h e r e  C r + ®  w a s  t h e  i n t r o d u c e d  c o n t a m i n a n t ,  

t h e  d a t a  p o i n t s  w o u l d  b e  e x p e c t e d  t o  b e  s k e w e d  t o w a r d  h i g h e r  

c o n c e n t r a t i o n s  i n  t h e  w a t e r  t h a n  e q u i l i b r i u m  c o n d i t i o n s  w o u l d  

p r o d u c e .  

S i n c e  t h e r e  i s  l i m i t e d  d a t a  a n d  p u b l i c a t i o n s  f r o m  w h i c h  t o  p r o j e c t  

a  s o i l - w a t e r  e q u i l i b r i u m  m o d e l  f o r  C r ,  a  m o d e l  m u s t  b e  a s s u m e d .  

O n e  m o d e l  f o r  s o i l / w a t e r  e q u i l i b r i u m  m a y  b e  d e v e l o p e d  b y  a  

s t r a i g h t  l i n e  l o g - l o g  r e l a t i o n s h i p  f r o m  b a c k g r o u n d  d a t a  f o r  t h e  

V a n c o u v e r  a r e a  a n d  d a t a  f o r  t h e  F H C  s i t e .  T h i s  r e l a t i o n s h i p  i s  

p l o t t e d  o n  F i g u r e  3 - 1 .  I n t e r p o l a t i o n  o f  t h e  F H C  d a t a  i n d i c a t e s  

t h a t  a t  a  s o i l  C r  c o n c e n t r a t i o n  o f  6 0 0  u g / g ,  g r o u n d w a t e r  C r  

c o n c e n t r a t i o n s  m a y  b e  a b o u t  1  m g / 1 .  T h i s  m o d e l  i s  b a s e d  o n  F H C  
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s i t e  c o n d i t i o n s  w h e r e  h i g h  l e v e l s  o f  C r + ®  w e r e  i n t r o d u c e d  d i r e c t l y  

i n t o  t h e  s o i 1 / g r o u n d w a t e r  s y s t e m .  T h e r e f o r e  t h i s  m o d e l  h a s  a  h i g h  

u n c e r t a i n t y  a s  i t  t e n d s  t o  o v e r e s t i m a t e  t h e  r e s u l t i n g  g r o u n d w a t e r  

c o n c e n t r a t i o n s .  

A n o t h e r  a p p r o a c h  u s e s  a  l i n e a r  p r o j e c t i o n  f r o m  U n i t e d  S t a t e s  s o i l  

a n d  g r o u n d w a t e r  b a c k g r o u n d  d a t a .  T h e  U n i t e d  S t a t e s  b a c k g r o u n d  

l e v e l s  a r e  1 4 - 7 0  u g / g  f o r  s o i l  a n d  0 . 4  -  8 . 0  u g / 1  f o r  g r o u n d w a t e r .  

F o r  a  t a r g e t  g r o u n d w a t e r  C r  l e v e l ,  i n  t h i s  c a s e  a n  M C L ,  t h e  

f o l l o w i n g  y i e l d s  a  p r o j e c t e d  s o i l  r e m e d i a t i o n  a c t i o n  l e v e l  f o r  C r :  

S o i l  R e m e d i a t i o n  C r  =  G r o u n d w a t e r  M C L  C r  ( S o i l  B a c k g r o u n d  C r ^  

G r o u n d w a t e r  B a c k g r o u n d  C r  

T h i s  r e l a t i o n s h i p ,  b a s e d  o n  t h e  r a n g e  o f  U S  b a c k g r o u n d  d a t a  f o r  C r  

i n  t h e  s o i l  a n d  g r o u n d w a t e r ,  i s  a l s o  s h o w n  o n  F i g u r e  3 - 1 .  I t  a l s o  

h a s  - a  g r e a t  d e a l  o f  u n c e r t a i n t y  b a s e d  o n  t h e  r a n g e  o f  d a t a  f o r  

b o t h  t h e  s o i l  a n d  g r o u n d w a t e r  ( s o i l  1 4 - 7 0  u g / g ;  g r o u n d w a t e r  0 . 4 -

8 . 0  u g / 1 ) .  T h i s  m o d e l  e s t i m a t e s  t h a t  a  s o i l  r e m e d i a l  a c t i o n  l e v e l  

o f  4 3 8 - 1 7 5 0  u g / g  t o t a l  C r  w o u l d  r e s u l t  i n  a  g r o u n d w a t e r  t o t a l  C r  

l e v e l  o f  5 0  u g / 1  ( M C L  -  5 0  u g / 1 ) .  

U s i n g  o n l y  t h e  V a n c o u v e r  a r e a  b a c k g r o u n d  d a t a  ( s o i l  4 0  u g / g ;  

g r o u n d w a t e r  2 - 3  u g / 1 )  a n d  t h e  s a m e  r a t i o n a l e ,  a  s o i l  r e m e d i a t i o n  

l e v e l  o f  8 0 0  u g / g  w o u l d  r e s u l t  i n  a  g r o u n d w a t e r  t o t a l  C r  l e v e l  o f  

5 0  u g / 1 .  

T o t a l  C r  o n  F H C  S i t e  

T o t a l  c h r o m i u m  d i s c h a r g e d  t o  t h e  F H C  d r y w e l l  w a s  e s t i m a t e d  i n  t h e  

R I  a t  7  t o n s  ( 1 4 , 0 0 0  p o u n d s  -  s e e  R I  S e c t i o n  3 )  b a s e d  o n  

a s s u m p t i o n s  o f  p r o c e s s  w a t e r  d i s c h a r g e d  a n d  i t s  C r  c o n c e n t r a t i o n s .  

H o w e v e r ,  c a l c u l a t e d  t o t a l  C r  i n  s u b s u r f a c e  s o i l s  o n  t h e  s i t e  i s  

n o w  e s t i m a t e d  a t  a p p r o x i m a t e l y  6 0 , 0 0 0  p o u n d s  a b o v e  b a c k g r o u n d  b y  
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i n t e g r a t i n g  i s o  c o n t o u r  l i n e s  d e v e l o p e d  f r o m  s o i l  s a m p l i n g  d a t a  

p r e s e n t e d  i n  t h e  R I .  C r + 6  i n  t h e  s o i l s  i s  e s t i m a t e d  a t  a b o u t  

2 , 5 0 0  p o u n d s  ( A p p e n d i x  B ) .  

I n t e g r a t i o n  o f  a  r a n g e  o f  i s o  c o n c e n t r a t i o n  c o n t o u r s  f o r  s o i l s  w a s  

u s e d  t o  e s t i m a t e  t h e  c h r o m i u m  m a s s  t h a t  w o u l d  b e  r e m o v e d  a t  

d i f f e r e n t  s o i l  c l e a n u p  l e v e l s .  T h e s e  a r e  s u m m a r i z e d  b e l o w .  

S o i l  A c t i o n  R e m e d i a l  L e v e l s  

V a r i o u s  e n v i r o n m e n t a l  f a c t o r s  w h i c h  a f f e c t  c h r o m i u m  m o b i l i t y  a n d  

t r a n s p o r t ,  s u c h  a s  p r e c i p i t a t i o n  a n d  c a t i o n  e x c h a n g e  o f  t r i v a l e n t  

c h r o m i u m ,  o x i d a t i o n  o f  t r i v a l e n t  t o  h e x a v a l e n t  c h r o m i u m ,  a n d  

r e t a r d a t i o n  o f  h e x a v a l e n t  ( a n i o n i c )  c h r o m i u m  t r a n s p o r t  d u e  t o  

a d s o r p t i o n ,  l i k e l y  i m p a c t  c h r o m i u m  m i g r a t i o n  o n  t h e  F H C  s i t e .  

H o w e v e r ,  a d d i t i o n a l  t e s t i n g  a n d / o r  p i l o t  s t u d y  w o r k  i s  n e e d e d  t o  

b e t t e r  q u a n t i f y  t h e  i m p a c t  o f  t h e s e  f a c t o r s .  T h e  r e l a t i v e l y  

c o m p l e x  g e o h y d r o l o g i c  r e g i m e  a t  F H C  l i m i t s  t h e  a b i l i t y  t o  

c o n f i d e n t l y  e s t i m a t e  t h e  s o i l  r e m e d i a t i o n  l e v e l  n e e d e d  t o  m e e t  

s p e c i f i c  g r o u n d w a t e r  q u a l i t y  s t a n d a r d s .  

B a s e d  o n  t h e  d a t a  a v a i l a b l e ,  a n d  r e c o g n i z i n g  i t s  u n c e r t a i n t y ,  a  

s u b s u r f a c e  s o i l  r e m e d i a t i o n  l e v e l  o f  5 5 0  u g / g  f o r  t o t a l  C r  w a s  

s e l e c t e d  f o r  a l t e r n a t i v e  e v a l u a t i o n .  I t  m u s t  b e  r e c o g n i z e d  t h a t  

a d d i t i o n a l  d a t a  a n d  a n a l y s i s  ( b e n c h  a n d  p i l o t  t e s t s )  a r e  n e c e s s a r y  

p r i o r  t o  d e s i g n .  

S o i l  C l e a n u p  L e v e l  ( C r  u g / g )  

%  T o t a l  

C r  R e m o v e d  

5 0 0  ( a b o v e  b a c k g r o u n d )  6 7  

7 0  

9 3  

2 5 0  

100 
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A s  p r e v i o u s l y  p r e s e n t e d ,  t h e r e  i s  a  t e n d e n c y  f o r  r e l a t i v e l y  

i m m o b i l e  C r + 3  t o  c o n v e r t  t o  t h e  h i g h l y  s o l u b l e ,  h i g h l y  m o b i l e  C r + 6  

s p e c i e s ,  e v e n  a t  r e l a t i v e l y  l o w  t o t a l  C r  c o n c e n t r a t i o n s  i n  s o i l .  

I t  i s  r e a s o n a b l e  t o  a s s u m e ,  h o w e v e r ,  t h a t  a  h e t e r o g e n e o u s  s o i l  

m i x t u r e  w i l l  p r o v i d e  a  d e g r e e  o f  b u f f e r i n g  t o  t h e  C r + 6  c o n v e r s i o n  

a n d  i t s  t r a n s p o r t  i n t o  t h e  g r o u n d w a t e r .  L i m i t e d  l a b o r a t o r y  d a t a  

r e p o r t e d  i n  t h e  R I  c o n s i s t e d  o f  E P  t o x i c i t y  r e s u l t s  a n d  d e s o r p t i o n  

t e s t i n g .  N o  d e t e c t a b l e  c o n c e n t r a t i o n s  o f  C r + 3  o r  C r + ®  w e r e  

m e a s u r e d  f r o m  t h e  l e a c h a t e  f r o m  a  s e v e n  d a y  d e s o r p t i o n  t e s t  w h i c h  

u s e d  a  s o i l  o f  4 0 0  u g / g  t o t a l  c h r o m i u m .  A t  a  t o t a l  C r  s o i l  

c o n c e n t r a t i o n  o f  3 1 0 0  u g / g  s o m e  c o n v e r s i o n  w a s  a p p a r e n t .  E P  

t o x i c i t y  t e s t i n g  c o n d u c t e d  o n  s o i l s  w i t h  t o t a l  C r  c o n c e n t r a t i o n s  

r a n g i n g  b e t w e e n  1 5 - 8 8 0  u g / g  r e s u l t e d  i n  n o  d e t e c t a b l e  C r  i n  t h e  

l e a c h a t e .  T e s t i n g  o f  s o i l  w i t h  5 2 0 0  u g / g  t o t a l  C r  r e s u l t e d  i n  0 . 2  

m g / 1  C r  i n  t h e  l e a c h a t e .  

T o  d e t e r m i n e  t h e  a c t u a l  C r  c o n c e n t r a t i o n  i n  s o i l  a t  t h e  F H C  s i t e  

a t  w h i c h  C r + 3  t o  C r + 6  c o n v e r s i o n  i s  n o t  a  d o m i n a n t  f a c t o r  w o u l d  

r e q u i r e  s u b s t a n t i a l l y  m o r e  t e s t i n g  u n d e r  l a b o r a t o r y  a n d  p i l o t  t e ' s t  

c o n d i t i o n s .  H o w e v e r ,  i f  w e  a s s u m e  t h a t  t h e  r a t i o  o f  s o i l  

b a c k g r o u n d  C r  c o n c e n t r a t i o n  t o  l o c a l  g r o u n d w a t e r  C r  c o n c e n t r a t i o n s  

i s  i n d i c a t i v e  o f  t h e  t e n d e n c y  f o r  C r  t o  s o l u b i l i z e  a t  l o w  s o i l  

c o n c e n t r a t i o n s ,  a n d  t h a t  t h e  r e l a t i o n s h i p  i s  l i n e a r ,  t h e n  t h e  d a t a  

s u g g e s t s  t h a t  s o i l  C r  c o n c e n t r a t i o n s  o f  8 0 0  u g / g  o r  l e s s  w o u l d  

e v e n t u a l l y  l e a d  t o  g r o u n d w a t e r  c o n c e n t r a t i o n s  w h i c h  m e e t  t h e  M C L  

o f  5 0  u g / 1 .  T h i s  i s  b a s e d  o n  V a n c o u v e r  a r e a  b a c k g r o u n d  s o i l  

c o n c e n t r a t i o n s  o f  3 0 - 4 0  u g / g  a n d  g r o u n d w a t e r  c o n c e n t r a t i o n s  o f  1 - 3  

u g / 1  c h r o m i u m .  T h e r e f o r e  a  s o i l  r e m e d i a l  a c t i o n  l e v e l  o f  5 5 0  u g / g  

i s  a s s u m e d  t o  b e  r e a s o n a b l y  c o n s e r v a t i v e  t o  a c h i e v e  t h e  M C L  o f  5 0  

u g / 1 .  T h i s  a s s u m p t i o n  r e c o g n i z e s  t h a t  C r  + 3  c o n v e r s i o n  t o  C r + 6  

a t  l o w e r  c o n c e n t r a t i o n s  c a n n o t  b e  r u l e d  o u t  b a s e d  o n  t h e  l i m i t e d  

a v a i l a b l e  d a t a .  T h i s  a s s u m p t i o n  s h o u l d  b e  v e r i f i e d  t h r o u g h  

a d d i t i o n a l  t e s t i n g  o r  a n a l y s i s  d u r i n g  t h e  d e s i g n  p h a s e .  
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T h e r e  w o u l d  b e  a  p e r i o d  o f  t i m e  b e f o r e  t h e  w a t e r  q u a l i t y  

o b j e c t i v e s  a r e  a c h i e v e d  e v e n  w i t h  r e m o v a l  o f  s o i l s  c o n t a i n i n g  

g r e a t e r  t h a n  5 5 0  u g / g  C r .  T h i s  i s  d u e  t o  t h e  c o n t i n u e d  r e l e a s e  o f  

C r  f r o m  s o i l s  r e m a i n i n g  a f t e r  c o n t a m i n a n t  r e m o v a l  t o  t h e  l e v e l s  

i n d i c a t e d ,  a n d  h y d r a u l i c  i n e f f i c i e n c y  i n  p u r g i n g  e x i s t i n g  

c o n t a m i n a n t s ,  e v e n  w i t h  p u m p i n g .  

A q u i f e r  R e s t o r a t i o n  t o  M C L  

T h e  p r e m i s e  t h a t  h e x a v a l e n t  ( C r + 6 )  i s  g e n e r a t e d  f r o m  t r i v a l e n t  C r  

r e s e r v o i r e d  i n  s u b s u r f a c e  s o i l s  m a n d a t e s  t h a t  r e m o v a l  o f  t h i s  

s o u r c e  t o  t h e  s p e c i f i e d  a c t i o n  l e v e l  o f  5 5 0  u g / g  a c c o m p a n y  a n y  

e f f o r t s  t o  r e n o v a t e  t h e  a q u i f e r .  O t h e r w i s e  a q u i f e r  c l e a n u p  

e f f o r t s  ( i . e . ,  p u m p i n g  o u t  c o n t a m i n a t e d  w a t e r )  w o u l d  b e  n o t h i n g  

m o r e  t h a n  c o n t a i n m e n t .  

O r g a n i c  c o n t a m i n a n t s  h a v e  b e e n  d e t e c t e d  i n  o n l y  o n e  l o c a t i o n  i n  

t h e  a q u i f e r  u n d e r l y i n g  t h e  F H C  s i t e .  T h e y  c o u l d  b e  r e m o v e d  b y  

g r o u n d w a t e r  e x t r a c t i o n ,  b u t  t h e  e x t e n t  o f  t h e  s o u r c e  i s  u n k n o w n ,  

m a k i n g  p r e d i c t i o n  o f  o r g a n i c  c o n t a m i n a n t  r e m e d i a t i o n  a c t i o n s  o r  

d u r a t i o n  u n c e r t a i n .  

I t  i s  a s s u m e d  f o r  e v a l u a t i o n  o f  a l t e r n a t i v e s  t h a t  c l e a n u p  o f  s o i l s  

e x c e e d i n g  5 5 0  u g / g  t o t a l  C r  w i l l  r e s t r i c t  t h e  a b i l i t y  o f  t h e  

r e m a i n i n g  C r  i n  t h e  s o i l  t o  s o l u b i l i z e  a n d  e n t e r  t h e  g r o u n d w a t e r .  

T o  a c h i e v e  t h e  M C L  o f  0 . 0 5  m g / 1  t o t a l  C r  a s  a  r e s t o r a t i o n  g o a l ,  a  

g r o u n d w a t e r  e x t r a c t i o n  a n d  t r e a t m e n t  p r o g r a m  i s  r e q u i r e d .  T o  

a c c o m p l i s h  t h i s  g o a l ,  i t  i s  n e c e s s a r y  t o  r e c o v e r  b o t h  t h e  v o l u m e  

o f  w a t e r  c u r r e n t l y  c o n t a m i n a t e d  b e y o n d  t h e  M C L  a n d  t h a t  v o l u m e  

w h i c h  w i l 1  u l t i m a t e l y  e x c e e d  t h e  M C L  e i t h e r  t h r o u g h  

r e s o l u b i l i z a t i o n  o f  c h r o m i u m  p r e c i p i t a t e  o r  c o n v e r s i o n  o f  s o m e  

r e m a i n i n g  C r + ^  t o  C r + ® .  A d d i t i o n a l l y ,  d u e  t o  n a t u r a l  a q u i f e r  
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h e t e r o g e n e i t y  a n d  v a r i a t i o n s  i n  s o i l  h y d r a u l i c  p a r a m e t e r s ,  

a d d i t i o n a l  v o l u m e s  o f  w a t e r  w i l l  l i k e l y  b e  r e c o v e r e d  i n  a n  a t t e m p t  

t o  r e c o v e r  t h e  f u l l  v o l u m e  o f  w a t e r  e x c e e d i n g  t h e  M C L .  

T h e r e  a r e  t w o  r e c o g n i z e d ,  i n t e r c o n n e c t e d  t r a n s m i s s i v e  z o n e s  a t  t h e  

F H C  s i t e .  T h e y  h a v e  b e e n  i n f o r m a l l y  r e f e r r e d  t o  a s  t h e  L e v e l  A  

a n d  L e v e l  B  a q u i f e r s .  R e s t o r a t i o n  o f  a q u i f e r  w a t e r  q u a l i t y  t o  t h e  

M C L  c o u l d  o c c u r  i n  e i t h e r  o r  b o t h  o f  t h e s e  a q u i f e r s .  T o t a l  

a q u i f e r  r e s t o r a t i o n  t o  t h e  M C L  w o u l d  r e q u i r e  r e c o v e r y  o f  

c o n t a m i n a t e d  w a t e r s  e x c e e d i n g  t h e  M C L  i n  b o t h  t h e  L e v e l  A  a n d  

L e v e l  B  z o n e s ,  a n d  t h e  c o n c u r r e n t  r e m o v a l  o f  c o n t a m i n a t e d  s i t e  

s o i l s  i n  e x c e s s  o f  5 5 0  u g / g  t o t a l  C r .  

R e s t o r a t i o n  o f  t h e  L e v e l  A  z o n e  o n l y  t o  t h e  M C L  w o u l d  r e q u i r e  

r e c o v e r y  o f  c o n t a m i n a t e d  w a t e r s  e x c e e d i n g  t h e  M C L  w i t h i n  t h e  L e v e l  

A  z o n e  a n d  t h e  c o n c u r r e n t  r e m o v a l  o f  c o n t a m i n a t e d  s i t e  s o i l s  i n  

e x c e s s  o f  5 5 0  u g / g t o t a l  C r .  

T o  a l l o w  t h e  a s s e s s m e n t  o f  t h e  f e a s i b i l i t y  o f  e i t h e r  t o t a l  a q u i f e r  

r e s t o r a t i o n  ( L e v e l  A  a n d  L e v e l  B )  t o  t h e  M C L  o r  L e v e l  A  o n l y  

r e s t o r a t i o n  t o  t h e  M C L ,  c o n c e p t u a l  g r o u n d w a t e r  r e c o v e r y  s c e n a r i o s  

f o r  b o t h  t h e  L e v e l  A  a n d  L e v e l  B  z o n e s  w e r e  d e v e l o p e d .  

L e v e l  A  Z o n e  

F o r  t h e  L e v e l  A  z o n e ,  a  t w o - p h a s e  c o n t a m i n a t e d  g r o u n d w a t e r  

r e c o v e r y  s c e n a r i o  i s  p r o p o s e d .  I n  P h a s e  I ,  s e v e n  g r o u n d w a t e r  

r e c o v e r y  w e l l s  w o u l d  b e  i n s t a l l e d  w i t h i n  t h e  1 0  m g / 1  C r  

c o n t a m i n a t i o n  c o n t o u r  ( F i g u r e  3 - 2 ) .  T h e  s e v e n  w e l l s  w o u l d  b e  

p u m p e d  a t  5 0  g p m / w e l l .  A n  e f f e c t i v e  r a d i u s  o f  i n f l u e n c e  o f  5 5 0  

f t / w e l l  i s  a s s u m e d .  W i t h  t h e  c o n c e p t u a l  s p a c i n g  s h o w n  i n  F i g u r e  

3 - 2 ,  i t  i s  c a l c u l a t e d  t h a t  o n e  c o m p l e t e  g r o u n d w a t e r  v o l u m e  c a n  b e  

p u m p e d  f r o m  w i t h i n  t h e  1 0  m g / 1  c o n t o u r  i n  3 0  d a y s .  T h e  p u r p o s e  o f  

t h i s  P h a s e  I  e f f o r t  i s  t o  q u i c k l y  r e c o v e r  t h e  h e a v i l y  c o n t a m i n a t e d  
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L e v e l  A  g r o u n d w a t e r ,  t h u s  p r e v e n t i n g  c o n t a m i n a n t  s p r e a d  d u r i n g  

s u b s e q u e n t  p u m p i n g .  I t  i s  e s t i m a t e d  t h a t  P h a s e  I  w i l l  c o n t i n u e  

f o r  o n e  y e a r ,  o r  a p p r o x i m a t e l y  1 2  a q u i f e r  v o l u m e s  w i t h i n  t h e  1 0  

m g / 1  c o n t o u r .  D u r i n g  P h a s e  I I  r e c o v e r y ,  a n  a d d i t i o n a l  e i g h t  w e l l s  

w i l l  b e  i n s t a l l e d  a s  s h o w n  i n  F i g u r e  3 - 3 .  T h e  c o n e s  o f  d e p r e s s i o n  

f o r  t h e s e  w e l l s  w i l l  e n c o m p a s s  t h e  . 0 5  m g / 1  C r  c o n c e n t r a t i o n  

c o n t o u r ,  a n d  a l l  f i f t e e n  w e l l s  w i l l  b e  p u m p e d  u n t i l  c o n c e n t r a t i o n s  

i n  t h e  g r o u n d w a t e r  a r e  l e s s  t h a n  . 0 5  m g / 1 .  T h e  e s t i m a t e d  t i m e  

d u r a t i o n  f o r  o n e  c o m p l e t e  g r o u n d w a t e r  v o l u m e  r e c o v e r y  w i t h i n  t h e  

. 0 5  m g / 1  c o n t o u r  i s  c a l c u l a t e d  a s  f o l l o w s :  

1 .  [ 2 7 5 0 '  x  1 2 5 0 ' ]  x  

g r o s s  p l u m e  d i m e n s i o n s  

2 .  T i m e  t o  r e c o v e r  

M a n y  f a c t o r s ,  s u c h  a s  c h r o m i u m  d e s o r p t i o n  a n d  a q u i f e r  

h e t e r o g e n e i t y ,  i n f l u e n c e  t h e  e f f i c i e n c y  o f  c o n t a m i n a n t  r e c o v e r y  i n  

t h e  F H C  g r o u n d w a t e r  p l u m e s .  A l s o ,  t h e  n u m b e r  c h o s e n  f o r  a v e r a g e  

p o r o s i t y  i s  b a s e d  u p o n  a  r a n g e  o f  v a l u e s  f o r  a v e r a g e  p o r o s i t y  f o r  

s a n d  a n d  g r a v e l ,  w h i c h  r a n g e s  f r o m  2 5  t o  5 0  p e r c e n t .  U s e  o f  a n  

a v e r a g e  p o r o s i t y  o f  5 0  p e r c e n t  y i e l d s  t h e  m o s t  c o n s e r v a t i v e  

e s t i m a t e  o f  t h e  c o n t a m i n a t e d  v o l u m e  o f  t h e  p l u m e  i n  t h e  L e v e l  A  

t r a n s m i s s i v e  z o n e .  T h e r e  i s  i n s u f f i c i e n t  d a t a  t o  a c c u r a t e l y  

e s t i m a t e  t h e  t i m e  r e q u i r e d  t o  a c h i e v e  r e n o v a t i o n  o f  t h e  L e v e l  A  

z o n e  t o  t h e  M C L .  H o w e v e r ,  f o r  t h e  p u r p o s e  o f  t h i s  r e p o r t ,  i t  i s  

a s s u m e d  t h a t  i f  s o i l  r e m o v a l  t o  5 5 0  u g / g  t o t a l  C r  i s  a c c o m p a n i e d  

b y  t h e  g r o u n d w a t e r  r e c o v e r y  p r o g r a m ,  t h e  M C L  m a y  b e  r e a c h e d  a f t e r  

a p p r o x i m a t e l y  3 0  r e c o v e r y  c y c l e s ,  o r  a p p r o x i m a t e l y  1 5  y e a r s .  

1 5 '  x  0 . 5  x  7 . 4 8  9 a 1 ' o n s / f t 3  

s a t u r a t e d  a v e r a g e  
t h i c k n e s s  p o r o s i t y  

1 . 9 3  x  1 0 ®  g a l l o n s  
c o n t a m i n a t e d  v o l u m e  

) . 9 3  y  1 0 °  q a l l o n s  .  1 8 Q  d a y s  

1 . 0 8  x  1 0  g a l l o n s / d a y  
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L e v e l  B  T r a n s m i s s i v e  Z o n e  

T o  p r e v e n t  m o v e m e n t  o f  c o n t a m i n a n t s  f r o m  t h e  L e v e l  A  z o n e ,  L e v e l  B  

p u m p i n g  w i l l  l a g  b e h i n d  L e v e l  A  p u m p i n g  u n t i l  c o n t a m i n a n t  

c o n c e n t r a t i o n s  i n  L e v e l  A  a r e  r o u g h l y  e q u i v a l e n t  t o  L e v e l  B .  T h e  

e x t e n t  o f  c o n t a m i n a t i o n  i n  t h e  L e v e l  B  z o n e  h a s  n o t  b e e n  f u l l y  

d e s c r i b e d  a t  t h i s  t i m e .  A d d i t i o n a l  w e l l s  t o  t h e  s o u t h w e s t  a r e  

r e q u i r e d  t o  a p p r o p r i a t e l y  c l o s e  c o n t a m i n a n t  c o n t o u r s  i n  t h e  l e v e l  

B  z o n e .  F o r  t h e  p u r p o s e  o f  t h i s  s t u d y ,  a n  e s t i m a t e d  c o n t o u r  o f  

t h e  . 0 5  m g / 1  c o n t a m i n a n t  c o n c e n t r a t i o n  i n  t h e  L e v e l  B  z o n e  i s  

p r o p o s e d  ( F i g u r e  3 - 4 ) .  F o r  L e v e l  B  c o n t a m i n a n t  r e c o v e r y ,  a  6  w e l l  

r e c o v e r y  s y s t e m  i s  p r o p o s e d  w i t h  a  5 5 0 '  z o n e  o f  i n f l u e n c e  a n d  2 5 %  

o v e r l a p ,  l e a d i n g  t o  a  s p a c i n g  o f  7 5 0 ' .  T h e  e s t i m a t e d  t i m e  

d u r a t i o n  f o r  o n e  c o m p l e t e  v o l u m e  r e c o v e r y  i n  t h e  L e v e l  B  z o n e  

w i t h i n  t h e  . 0 5  m g / 1  c o n t o u r  i s  c a l c u l a t e d  a s  f o l l o w s :  

1 .  [ 1 1 0 0 '  x  3 6 0 0 ' ]  x  6 5 '  x  0 . 5  x  7 . 4 8  g a l l o n s / f t 3  

g r o s s  p l u m e  d i m e n s i o n s  S a t u r a t e d  A v e r a g e  
T h i c k n e s s  P o r o s i t y  
( A v e r a g e )  

9 . 6  x  1 0 ®  g a l l o n s  

J! 
1 . 7  x  1 0 7  g a l l o n s / c j a y  

z  T i m e  t o  R e c o v e r  a  9 . 6  x  1 0 8  g a l l o n s  _  , 7  
O n e  v o l u m e  -  -  0 /  a * J s  

T h e r e  i s  i n s u f f i c i e n t  d a t a  t o  a c c u r a t e l y  e s t i m a t e  t h e  t i m e  

r e q u i r e d  t o  a c h i e v e  r e s t o r a t i o n  o f  t h e  L e v e l  B  z o n e  t o  t h e  M C L .  

H o w e v e r ,  f o r  t h e  p u r p o s e  o f  t h i s  r e p o r t ,  i t  i s  a s s u m e d  t h a t  i f  

L e v e l  B  g r o u n d w a t e r  r e c o v e r y  i s  a c c o m p a n i e d  b y  b o t h  L e v e l  A  

c l e a n u p  t o  M C L  a n d  s o i l  r e m o v a l  t o  5 5 0  u g / g  t o t a l  C r ,  t h e  M C L  f o r  

L e v e l  B  m a y  b e  r e a c h e d  a f t e r  a p p r o x i m a t e l y  9 5  r e c o v e r y  c y c l e s ,  o r  

a p p r o x i m a t e l y  1 5  y e a r s .  

3 -24  



3 . 1 . 1 . 5  G r o u n d w a t e r  

D r i n k i n g  w a t e r  M C L s ,  p r o p o s e d  M C L G s  a n d  A m b i e n t  W a t e r  Q u a l i t y  

S t a n d a r d s  f o r  d r i n k i n g  w a t e r  s o u r c e s  a r e  a s  f o l l o w s ,  i n  m g / 1 :  

D W  A W Q S  

P r o p o s e d  D W  ( C a r c i n o g e n )  
C o n t a m i n a n t  MCL MCLG A W Q S  (l O -5 R i s k )  

T C A  . 2  1 8 . 7  
P C E  0  . 0 0 0 8 8  '  
T C E  . 0 0 5  . 0 0 2 8  
C r + 5  . 0 5  . 0 5  
C r  T o t a l  • 0 5  . 1 2  1 7 9  

p b  . 0 5  . 0 5  
N i  . 0 1 3 4  

P o r t i o n s  o f  t h e  a q u i f e r  u n d e r  a n d  c o n t i g u o u s  t o  t h e  F H C  s i t e  

a l r e a d y  e x c e e d  c u r r e n t  a n d / o r  p r o p o s e d  M C L s .  C o n t a i n m e n t  o f  
c o n t a m i n a n t s  f r o m  t h e  s i t e  a l o n e  w o u l d  n o t  r e s t o r e  t h e  a q u i f e r  i n  
a  r e a s o n a b l e  t i m e  p e r i o d ,  a n d  r e m o v a l  a n d  c l e a n u p  o f  t h e  a q u i f e r  

w i t h o u t  r e m o v a l  o f  t h e  s o u r c e ( s )  o f  c o n t a m i n a n t s  w o u l d  n o t  r e s u l t  

i n  a  p e r m a n e n t  s o l u t i o n  i n  a  r e a s o n a b l e  t i m e  p e r i o d  e i t h e r .  

C l e a n u p  o r  r e s t o r a t i o n  o f  a q u i f e r  w a t e r ,  i n  c o n j u n c t i o n  w i t h  

p o l l u t a n t  s o u r c e  r e d u c t i o n ,  c o u l d  l e a d  t o  a t t a i n m e n t  o f  s p e c i f i c  

M C L s .  

E x t e n s i v e  a r e a s  o f  b o t h  t h e  A  a n d  B  z o n e s  o f  t h e  a q u i f e r  c u r r e n t l y  

d o  n o t  m e e t  M C L s .  R e n o v a t i o n  t o  m e e t  t h e  C r  M C L  w o u l d  r e q u i r e  

w a t e r  e x t r a c t i o n  w i t h  n e w  w a t e r  i n t r o d u c t i o n ,  e i t h e r  f r o m  a q u i f e r  

r e p l e n i s h m e n t  o r  f r o m  r e i n j e c t  i o n  o f  t h e  a q u i f e r  w a t e r  a f t e r  

t r e a t m e n t .  
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. 1 . 2  S i t e  S p e c i f i c  S c r e e n i n g  o f  T e c h n o l o g i e s  

I n  t h i s  s e c t i o n  t h e  m a j o r  t e c h n o l o g y  c a t e g o r i e s  a r e  f u r t h e r  

s c r e e n e d  t o  e l i m i n a t e  t h o s e  r e m e d i a l  t e c h n o l o g i e s  t h a t  a r e  

u n f e a s i b l e  o r  b a s i c a l l y  i m p r a c t i c a l  b e c a u s e  o f  s i t e  s p e c i f i c  

c o n s i d e r a t i o n s .  T h e s e  c o n s i d e r a t i o n s  m a y  i n c l u d e  l a w s  a n d  

r e g u l a t i o n s  i d e n t i f i e d  i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  E n d a n g e r m e n t  

A s s e s s m e n t  ( A p p e n d i x  A ) ,  r e m e d i a t i o n  o b j e c t i v e s  r e l a t i v e  t o  t h e  

s i t e ,  t e c h n o l o g y  c o m p a t i b i l i t y  a n d  r e l a t i v e  c o s t s .  

3 . 1 . 2 . 1  S u r f a c e  S o i l  T r e a t m e n t  

T h i s  c a t e g o r y  p a r t i a l l y  r e s p o n d s  t o  s e v e r a l  r e m e d i a l  f e a t u r e s ,  

i n c l u d i n g  a i r b o r n e  m i t i g a t i o n ,  s u r f a c e  s o i l  m i t i g a t i o n  a n d  

g r o u n d w a t e r  m i t i g a t i o n .  F u r t h e r  s c r e e n i n g  o f  a p p l i c a b l e  

t e c h n o l o g i e s  f r o m  C h a p t e r  2  i s  a s  f o l l o w s :  

A .  S u r f a c e  C a p p i n g  

S u r f a c e  c a p p i n g  c a n  p r o v i d e  m i t i g a t i o n  o f  p u b l i c  h e a l t h  

c o n c e r n s  a s s o c i a t e d  w i t h  a i r b o r n e  p o l l u t i o n ,  s u r f a c e  w a t e r  

c o n t a m i n a t i o n ,  l e a c h i n g  t h r o u g h  t h e  c o n t a m i n a t e d  s o i l  a n d  

i n g e s t i o n  o f  c o n t a m i n a t e d  s o i l .  T h e  m a j o r  o b j e c t i v e s  o f  t h e  

c a p p i n g  a t  F H C  w o u l d  b e  a i r  p o l l u t i o n  a n d  s u r f a c e  s o i l  

m i t i g a t i o n .  A f t e r  r e m e d i a t i o n  o f  t h e  F H C  s i t e ,  m u c h  o f  t h e  

a r e a  m a y  b e  u s e d  b y  t r a f f i c  a n d  t h e r e f o r e  r e q u i r e  a  t r a f f i c  

r a t e d  c a p p i n g .  T h e s e  c o n s i d e r a t i o n s  w o u l d  e l i m i n a t e  a  

l a y e r e d  s o i l  s y s t e m  a n d  f a v o r  t h e  a s p h a l t  c o n c r e t e  o r  

P o r t l a n d  c e m e n t  c o n c r e t e  t e c h n o l o g i e s .  T h e  p e r f o r m a n c e  

d i f f e r e n c e s  b e t w e e n  a s p h a l t  a n d  P o r t l a n d  c e m e n t  c o n c r e t e  a r e  

m i n i m a l  r e l a t i v e  t o  t h e  g o a l s  o f  t h i s  F e a s i b i l i t y  S t u d y .  

P o r t l a n d  c e m e n t  c o n c r e t e  i s  m o r e  d u r a b l e  a n d  h a s  a  h i g h e r  

f i r s t  c o s t .  A s p h a l t  c o n c r e t e  h a s  a  l o w e r  f i r s t  c o s t  a n d  
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h i g h e r  m a i n t e n a n c e  c o s t .  T h e  d e c i s i o n  b e t w e e n  t h e s e  t w o  i s  

p r o p e r l y  a d d r e s s e d  d u r i n g  t h e  a l t e r n a t i v e  e v a l u a t i o n  p h a s e  

o f  t h i s  p r o j e c t .  C o n s e q u e n t l y  t h e s e  p a v i n g  t e c h n o l o g i e s  

w i l l  h e r e a f t e r  b e  c o n s i d e r e d  e q u i v a l e n t .  F o r  p u r p o s e s  o f  

a l t e r n a t i v e  s c r e e n i n g  a l l  c o s t s  w i l l  b e  c o n s e r v a t i v e l y  b a s e d  

o n  t h e  P o r t l a n d  c e m e n t  c o n c r e t e  c o s t s .  

F i x a t i o n / S o l i d i f i c a t i o n  

F i x a t i o n / s t a b i 1 i z a t i o n / s o l i d i f i c a t i o n  ( h e r e a f t e r  r e f e r r e d  t o  

a s  s t a b i l i z a t i o n )  t e c h n o l o g i e s  f o r  s u r f a c e  s o i l s  h a v e  a s  a  

p r i m a r y  g o a l  e l i m i n a t i o n  o f  c h r o m i u m  l e a c h i n g .  T h e s e  

t e c h n o l o g i e s  w o u l d  r e t a i n  t h e  c o n t a m i n a n t s  i n  a  s o i l  

e n v i r o n m e n t .  T h i s  t e c h n o l o g y  i s  b e i n g  d e v e l o p e d  a n d  u s e d  o n  

s i t e s  w i t h  c h r o m i u m  c o n t a m i n a t e d  s o i l s ,  h o w e v e r  d u e  t o  t h e  

l a c k  o f  p e r f o r m a n c e  d a t a ,  t h e  t e c h n o l o g y  i s  n o t  c o n s i d e r e d  

p r o v e n .  S t a b i l i z a t i o n  o f  t r i v a l e n t  c h r o m i u m  m a y  n o t  

p r e c l u d e  i t s  c o n v e r s i o n  t o  h e x a v a l e n t  c h r o m i u m  a n d  i t s  

s u b s e q u e n t  m i g r a t i o n .  

W h i l e  s t a b i l i z a t i o n  h a s  a d v a n t a g e s  i n  m e e t i n g  t h e  i n t e n t  o f  

S A R A  a n d  p o s s i b l e  i n  c o s t ,  a d d i t i o n a l  b e n c h / p i l o t  s c a l e  

t e s t i n g  w i t h  t h e  F H C  s o i l s  w o u l d  b e  r e q u i r e d .  T h i s  

t e c h n o l o g y  w i l l  b e  u s e d  a s  a n  a l t e r n a t i v e  t o  o n - s i t e  a n d  

o f f - s i t e  d i s p o s a l  o f  c o n t a m i n a t e d  s o i l s .  

C o n t a m i n a t e d  S o i l  D i s p o s a l  

T e c h n o l o g i e s  f o r  d i s p o s a l  o f  s u r f a c e  s o i l  w e r e  d i s c u s s e d  i n  

S e c t i o n  2 . 3 . 3 . 2 ,  S u r f a c e  S o i l  R e m o v a l  a n d  a l l  t e c h n o l o g i e s  

w e r e  r e t a i n e d  a s  f e a s i b l e .  T r e a t e d  s o i l  w a s  a s s u m e d  t o  b e  

d e l  i s t a b l e  u n d e r  C h a p t e r  1 7 3 - 3 0 3  W A C ,  a n d  c o n s e q u e n t l y  c o u l d  

b e  d i s p o s e d  e i t h e r  o n - s i t e  o r  o f f - s i t e .  
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C h r o m i u m  c o n t a m i n a t e d  s o i l  i s  c o n s i d e r e d  a  h a z a r d o u s  w a s t e  

i f  t h e  E P  t o x i c i t y  t e s t  l i m i t  o f  5 . 0  m g / 1  i s  e x c e e d e d  o r  i f  

t h e  w a s t e  f a i l s  t e s t s  d e f i n e d  u n d e r  C h a p t e r  1 7 3 - 3 0 3  W A C .  I f  

t h e  c o n t a m i n a t e d  s o i l  i s  c o n s i d e r e d  a  h a z a r d o u s  w a s t e ,  o f f -

s i t e  d i s p o s a l  i n c l u d i n g  t r a n s p o r t a t i o n  i s  e s t i m a t e d  t o  c o s t  

$ 1 5 0  t o  $ 2 0 0  p e r  t o n  d e p e n d i n g  o n  q u a n t i t y  ( s e e  F i g u r e  3 - 5 ) .  

L a b o r a t o r y  r e s u l t s  s u g g e s t  t h a t  t h e  F H C  s o i l s  m a y  p a s s  t h e  

E P  t o x i c i t y  t e s t ;  t h e r e f o r e ,  i t  i s  e x p e c t e d  t h a t  o n  o r  o f f -

s i t e  l i n e d  l a n d f i l l s  m e e t i n g  m i n i m u m  f u n c t i o n a l  s t a n d a r d s  

c o u l d  a c c e p t  t h e  u n t r e a t e d  s o i l s .  A d d i t i o n a l  t e s t i n g  b a s e d  

o n  t h e  E P  t o x i c i t y  t e s t  a n d  t h e  W a s h i n g t o n  S t a t e  t e s t s  p e r  

1 7 3 - 3 0 3  W A C  w i l l  b e  n e c e s s a r y  t o  d e t e r m i n e  t h e  u l t i m a t e  

d i s p o s a l  s i t e  f o r  r e m o v e  a n d  d i s p o s e  a l t e r n a t i v e s .  

I n f o r m a t i o n  f r o m  D e p a r t m e n t  o f  E c o l o g y  o f f i c i a l s  i n d i c a t e  

t h a t  s u c h  a  r e g u l a t e d  l a n d f i l l  w i l l  n o t  b e  a v a i l a b l e  u n t i l  

l a t e  1 9 8 9  i n  t h e  V a n c o u v e r  a r e a .  T h e r e f o r e  a n  o n - s i t e  

l a n d f i l l  m e e t i n g  m i n i m u m  f u n c t i o n a l  s t a n d a r d s  w o u l d  b e  

c r e a t e d  f o r  t h e  u n t r e a t e d  s o i l  p a s s i n g  t h e  E P  t o x i c i t y  a n d  

1 7 3 - 3 0 3  W A C  t e s t s .  T h o s e  p o r t i o n s  o f  s o i l  n o t  p a s s i n g  t h e  

t e s t s  w o u l d  b e  t r a n s p o r t e d  t o  a  p e r m i t t e d  R C R A  d i s p o s a l  

s i t e .  I f  t h e  t o t a l  a m o u n t  o f  t h e  s u r f a c e  s o i l  t o  b e  r e m o v e d  

i s  s m a l l  ( l e s s  t h a n  1 5 0 0  c u .  y d s . ) ,  i t  m a y  b e  c o s t  e f f e c t i v e  

t o  t r a n s p o r t  a l l  m a t e r i a l  t o  t h e  R C R A  s i t e  ( s e e  F i g u r e  3 - 5 ) .  

T h i s  w o u l d  a v o i d  o n - s i t e  l a n d f i l l  c o n s t r u c t i o n  a n d  

i n d e f i n i t e  m a i n t e n a n c e  a n d  m o n i t o r i n g .  

3 . 1 . 2 . 2  S u b s u r f a c e  S o i l  M i t i g a t i o n  

A .  F i x a t i o n / S t a b i l i z a t i o n / S o l i d i f i c a t i o n  

F i x a t i o n / s t a b i l i z a t i o n / s o l i d i f i c a t i o n  ( h e r e a f t e r  r e f e r r e d  t o  

a s  s t a b i l i z a t i o n )  t e c h n o l o g i e s  f o r  s u b s u r f a c e  s o i l s  h a v e  a s  

a  p r i m a r y  g o a l  e l i m i n a t i o n  o f  c h r o m i u m  l e a c h i n g .  T h e s e  

3 -28  



t e c h n o l o g i e s  w o u l d  r e t a i n  t h e  c o n t a m i n a n t s  i n  a  s u b s u r f a c e  

e n v i r o n m e n t .  T h i s  t e c h n o l o g y  i s  b e i n g  d e v e l o p e d  a n d  u s e d  o n  

s i t e s  w i t h  c h r o m i u m  c o n t a m i n a t e d  s o i l s ,  h o w e v e r  d u e  t o  t h e  

l a c k  o f  p e r f o r m a n c e  d a t a ,  t h e  t e c h n o l o g y  i s  n o t  c o n s i d e r e d  

p r o v e n .  S t a b i l i z a t i o n  o f  t r i v a l e n t  c h r o m i u m  m a y  n o t  

p r e c l u d e  i t s  c o n v e r s i o n  t o  h e x a v a l e n t  c h r o m i u m  a n d  i t s  

s u b s e q u e n t  m i g r a t i o n .  

W h i l e  s t a b i l i z a t i o n  h a s  a d v a n t a g e s  i n  m e e t i n g  t h e  i n t e n t  o f  

S A R A ,  a d d i t i o n a l  b e n c h / p i l o t  s c a l e  t e s t i n g  w i t h  t h e  F H C  

s o i l s  w o u l d  b e  r e q u i r e d .  

C o n t a m i n a n t  E x t r a c t i o n  

S o i l  t r e a t m e n t  t e c h n o l o g i e s  o t h e r  t h a n  i n  s i t u  i n c l u d e  

a c i d s ,  b a s e s  o r  o x i d i z i n g  a g e n t s  f o r  t h e  c h r o m i u m  a n d  o t h e r  

m e t a l s ,  a n d  d i s t i l l a t i o n / c a r b o n  a d s o r p t i o n  f o r  o r g a n i c s .  

S o i l  w a s h i n g  t o  r e m o v e  t h e  m e t a l s  f r o m  t h e  s u b s u r f a c e  s o i l s  

w i l l  b e  c o n s i d e r e d  f o r  a l l  s o i l s  w i t h  c o n c e n t r a t i o n s  a b o v e  

5 5 0  u g / g  C r  ( t o t a l )  a s  d i s c u s s e d  i n  s e c t i o n  3 . 1 . 1 . 2 .  

I n v e s t i g a t i o n  a t  t h e  F H C  s i t e  s h o w s  t h e  o r g a n i c  

c o n t a m i n a t i o n  o f  t h e  s o i l  n o t  t o  b e  s i g n i f i c a n t  i n  a r e a s  o f  

h i g h e r  m e t a l  c o n c e n t r a t i o n s .  I n  f a c t  t h e  o r g a n i c  

c o n c e n t r a t i o n s  a p p e a r  s o m e w h a t  h i g h  o n l y  i n  a  s p e c i f i c  a r e a  

a t  t h e  n o r t h  s i d e  o f  t h e  s i t e  w h e r e  c h r o m i u m  c o n c e n t r a t i o n s  

a r e  l o w .  I t  w o u l d  b e  m u c h  m o r e  e f f e c t i v e  t o  r e m o v e  a n d  

d i s p o s e  o f  t h i s  c o n c e n t r a t e d  z o n e  r a t h e r  t h a n  t r e a t i n g  t h i s  

s m a l l  q u a n t i t y  f o r  o r g a n i c s .  T h e r e f o r e ,  d i s t i l l a t i o n / c a r b o n  

a d s o r p t i o n  t r e a t m e n t  o f  s o i l  w i l l  n o t  b e  i n c l u d e d  i n  

d e v e l o p m e n t  o f  a l t e r n a t i v e s  f o r  t h e  F H C  s i t e .  
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C .  C o n t a m i n a t e d  S o i l  D i s p o s a l  

T h e  d i s c u s s i o n  o f  u n t r e a t e d  s u b s u r f a c e  s o i l  d i s p o s a l  i s  

s i m i l a r  t o  t h a t  f o r  t h e  u n t r e a t e d  s u r f a c e  s o i l  i n  p a r a g r a p h  

3 . 1 . 2 . 1 .  A s  d i s c u s s e d  t h e r e ,  i n d i c a t i o n s  a r e  t h a t  t h e s e  

s o i l s  m a y  n o t  b e  h a z a r d o u s  w a s t e s .  C o n s e q u e n t l y  a  m i n i m u m  

f u n c t i o n a l  s t a n d a r d  l a n d f i l l  w i l l  g e n e r a l l y  b e  a b l e  t o  

a c c e p t  t h e s e  s o i l s .  S u c h  a  l a n d f i l l  c o u l d  b e  c o n s t r u c t e d  o n  

t h e  s i t e  i f  a  n e a r b y  o f f - s i t e  l a n d f i l l  i s  n o t  a v a i l a b l e .  

W h e r e  t e s t s  s h o w  t h a t  s o i l  i s  h a z a r d o u s ,  a n d  t r e a t m e n t  i s  

n o t  u s e d ,  t h e  m a t e r i a l  w o u l d  b e  t r a n s p o r t e d  t o  a  R C R A  

d i s p o s a l  s i t e .  

3 . 1 . 2 . 3  S u r f a c e  W a t e r  M i g r a t i o n  

F o r  a l t e r n a t i v e s  o t h e r  t h a n  t h e  N o  A c t i o n  a l t e r n a t i v e ,  s u r f a c e  

w a t e r  f r o m  r a i n f a l l  w i l l  b e  c o l l e c t e d  f o r  a l l  s u r f a c e  t r e a t m e n t  

t e c h n o l o g i e s .  C o l l e c t i o n  c o u l d  b e  t h r o u g h  a  v a r i e t y  o f  m e t h o d s  a s  

d e s c r i b e d  i n  C h a p t e r  2  w i t h  r e t e n t i o n  i n  a  p o n d .  

3 . 1 . 2 . 4  G r o u n d  W a t e r  M i t i g a t i o n  

A .  L e a c h a t e  P l u m e  B a r r i e r s  

B a s e d  o n  s p e c i f i c  s i t e  c o n s i d e r a t i o n s  t h e  s l u r r y  w a l l  

t e c h n o l o g y  w i l l  n o t  b e  i n c l u d e d  i n  t h e  r e m e d i a l  

a l t e r n a t i v e s .  T h e  m a j o r  c o n s i d e r a t i o n  i s  t h a t  t h i s  

t e c h n o l o g y  d o e s  n o t  r e m o v e  t h e  s o u r c e  o f  c o n t a m i n a t i o n  a n d  

w i l l  n o t  p r e v e n t  t h e  s l o w  o x i d a t i o n  o f  t o t a l  c h r o m i u m  t o  

h e x a v a l e n t  c h r o m i u m  a n d  m i g r a t i o n  i n t o  t h e  a q u i f e r .  A s  

d i s c u s s e d  i n  p a r a g r a p h  3 . 1 . 1 . 4  t h e  r a t e  o f  c o n v e r s i o n  i s  s o  

s l o w  a n d  t h e  c o n t a m i n a t e  b o d y  s o  l a r g e  t h a t  t h i s  l e a c h a t e  

b a r r i e r  w o u l d  h a v e  l i t t l e  e f f e c t ,  o v e r  t i m e ,  o f  r e d u c i n g  
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w a t e r  c o n t a m i n a n t s  t o  r e q u i r e d  l e v e l s .  T h e  R I  i n d i c a t e s  t h e  

e x i s t i n g  c l a y  l a y e r  t h r o u g h  w h i c h  t h e  c h r o m i u m  i s  s l o w l y  

m i g r a t i n g  h a s  a  p e r m e a b i l i t y  o f  1 0 " 5  t o  1 0 ~ 8  c m / s e c .  A  

c o n s e r v a t i v e ,  e s t i m a t e  o f  s l u r r y  w a l l  p e r m e a b i l i t y  w o u l d  a l s o  

b e  1 0  t o  1 0  8  t h e r e b y  a l l o w i n g  t h e  s l o w  m i g r a t i o n  t o  

c o n t i n u e  u n a b a t e d .  

3 . 1 . 2 . 5  S t r u c t u r e  M i t i g a t i o n  

F o u r  t e c h n o l o g i e s  w e r e  i d e n t i f i e d  i n  C h a p t e r  2  f o r  m i t i g a t i n g  

s t r u c t u r a l  c o n t a m i n a t i o n  o n  t h e  F H C  s i t e .  T h e  E n d a n g e r m e n t  

A s s e s s m e n t  a n d  d i s c u s s i o n  u n d e r  3 . 1 . 1 . 2  r e v e a l  t h a t  t h e  p r e s e n t  

s t a t e  o f  t h e  c o n t a m i n a n t s  d o  n o t  p o s e  a  h a z a r d  t o  t h e  p u b l i c .  I n  

a d d i t i o n  t h e  e x i s t i n g  f l o o r  a c t s  a s  a  c a p  f o r  u n d e r l y i n g  s o i l s .  

M a i n t a i n i n g  t h e  b u i l d i n g  i n  a  c l e a n  a n d  s e a l e d  c o n d i t i o n  w o u l d  b e  

c o n s i s t e n t  w i t h  t h e  l e v e l  o f  m i t i g a t i o n  f o r  c e r t a i n  a l t e r n a t i v e s  

( i . e . ,  s u r f a c e  s o i l  c a p p i n g ) .  F u t u r e  d e m o l i t i o n  o f  t h e  b u i l d i n g  

( l e a v i n g  f l o o r )  w o u l d  n o t  a p p e a r  t o  b e  a  p r o b l e m .  

T o t a l  d e m o l i t i o n  a n d  o f f - s i t e  d i s p o s a l ,  i n c l u d i n g  s u b - s u r f a c e  s o i l  

u n d e r  t h e  b u i l d i n g  w o u l d  r e m o v e  a l l  c o n t a m i n a n t s .  T h i s  t e c h n o l o g y  

w i l l  b e  c o n s i d e r e d  o n l y  f o r  t h o s e  r e m e d i a l  a l t e r n a t i v e s  w h e r e  

o t h e r  c o n t a m i n a t e d  m a t e r i a l s  a r e  s i m i l a r l y  a d d r e s s e d  ( i . e . ,  

s u b s u r f a c e  s o i l  r e m o v a l ) .  

P a r t i a l  b u i l d i n g  d e m o l i t i o n  ( i . e . ,  b u i l d i n g  f l o o r  a n d  s u b s o i l  

r e m o v a l )  w o u l d  n o t  b e  a  r e a s o n a b l e  a p p r o a c h  b a s e d  o n  t h e  

E n d a n g e r m e n t  A s s e s s m e n t  d a t a  a n d  c o s t .  I n  a d d i t i o n ,  p a r t i a l  

d e m o l i t i o n  w o u l d  s t i l l  p e r m i t  c o n t a m i n a n t s  t o  r e m a i n  o n  o r  a r o u n d  

t h e  f o u n d a t i o n s ,  t h e  s o i l  u n d e r  t h e  f o u n d a t i o n s  a n d  t h e  s t r u c t u r e .  

T h i s  m e t h o d  w o u l d  n o t  o f f e r  a d v a n t a g e s  o v e r  c l e a n i n g  a n d  s e a l i n g .  
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3 . 1 . 2 . 6  D i s p o s a l  o f  T r e a t e d  M a t e r i a l s  

A .  T r e a t e d  S o i l  D i s p o s a l  

T h e  f e a s i b l e  t e c h n o l o g i e s  r e t a i n e d  f o r  t r e a t e d  s o i l  d i s p o s a l  

i n c l u d e  o n  o r  o f f - s i t e  d i s p o s a l .  H o w e v e r ,  F H C  s i t e  

i n f o r m a t i o n  f r o m  t h e  R I  i n d i c a t e s  t h a t  t h e  u n t r e a t e d  s o i l  i s  

p r o b a b l y  n o t  d a n g e r o u s  w a s t e  p e r  1 7 3 - 3 0 3  W A C  a n d  i s  

a c c e p t a b l e  f o r  a  m i n i m u m  f u n c t i o n a l  l a n d f i l l .  T h i s  f a c t o r  

w o u l d  d i c t a t e  n o  n e e d  o r  a d v a n t a g e  i n  t h e  e x p e n s e  o f  

t r e a t i n g  a n d  t h e n  d i s p o s i n g  o f f - s i t e .  T h e r e f o r e ,  i n  

d e v e l o p i n g  a l t e r n a t i v e s ,  d i s p o s a l  o f  t h e  t r e a t e d  s o i l  

m a t e r i a l  w i l l  b e  o n l y  o n - s i t e ,  a n d  t h e n  o n l y  i f  t r e a t m e n t  

l e v e l s  p e r m i t  d i r e c t  n o n - m o n i t o r e d  l a n d f i l l i n g .  

B .  S l u d g e  

A s  d i s c u s s e d  i n  C h a p t e r  2 ,  t h e  t e c h n o l o g y  t o  r e c o v e r  

c h r o m i u m  f r o m  t h e  s l u d g e  i s  a v a i l a b l e .  I t  i s  r e c o g n i z e d  

t h a t  r e d u c t i o n  o f  c o n t a m i n a t i o n  i n  a  t r e a t m e n t  b y  p r o d u c t  i s  

c o n s i s t e n t  w i t h  S A R A  g o a l s .  T h e r e f o r e ,  i t  i s  r e c o m m e n d e d  

t h a t  t h e  v i a b i l i t y  o f  s l u d g e  c h r o m i u m  r e c o v e r y  b e  r e v i e w e d  

i n  t h e  d e s i g n  p h a s e  o f  r e m e d i a l  a c t i o n s .  

C .  V e g e t a t i o n  

R e s u l t s  o f  t h e  E n d a n g e r m e n t  A s s e s s m e n t  ( A p p e n d i x  A )  r e v e a l  

t h e  v e g e t a t i o n  o n  t h e  F H C  s i t e  n o t  t o  b e  a  h a z a r d .  

T h e r e f o r e  d i s p o s a l  o f  e x i s t i n g  v e g e t a t i o n  w i l l  n o t  b e  

i n c l u d e d  i n  t h e  r e m e d i a l  a l t e r n a t i v e s .  
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3 . 1 . 2 . 7  W a t e r  T r e a t m e n t  T e c h n o l o g i e s  

S e c t i o n  2 . 3 . 6 . 5  d e s c r i b e s  w a t e r  t r e a t m e n t  t e c h n o l o g i e s .  A l l  

t e c h n o l o g i e s  w e r e  r e t a i n e d  f o r  R e m e d i a l  A l t e r n a t i v e  d e v e l o p m e n t .  

A .  C y a n i d e  r e m o v a l  i s  u n n e c e s s a r y  d u e  t o  t h e  l a c k  o f  c o n f i r m e d  

p r e s e n c e  o f  c y a n i d e  i n  g r o u n d w a t e r s  a l t h o u g h  l o w  l e v e l s  o f  

c y a n i d e  w e r e  f o u n d  i n  s u r f a c e  s o i l s .  

B .  O r g a n i c  c o m p o u n d s  a r e  e x p e c t e d  t o  b e  p r e s e n t  i n  g r o u n d w a t e r  

w i t h d r a w n  f o r  c h r o m i u m  r e m o v a l .  T e c h n o l o g i e s  r e t a i n e d  f o r  

c o n s i d e r a t i o n  f o r  o r g a n i c s  r e m o v a l  i n c l u d e  o z o n a t i o n ,  c a r b o n  

a d s o r p t i o n ,  a i r  s t r i p p i n g ,  a i r  s t r i p p i n g  w i t h  v a p o r  p h a s e  

c a r b o n  a d s o r p t i o n ,  a n d  d i s t i l l a t i o n .  R e l a t i v e  u n i t  c o s t s  

f o r  t h e s e  t e c h n o l o g i e s  a r e  s h o w n  b e l o w  f o r  c o m p a r a t i v e  

p u r p o s e s :  

A i r  s t r i p p i n g  w i l l  b e  t h e  p r o c e s s  r e t a i n e d  t o  d e v e l o p  a n d  

c o m p a r e  a l t e r n a t i v e s  r e q u i r i n g  o r g a n i c s  r e m o v a l .  S o m e  o f  

t h e  o r g a n i c s  i n v o l v e d  a r e  t o x i c  a n d  w i t h o u t  t e s t w o r k  

u n c e r t a i n t y  e x i s t s  a s  t o  l e v e l s  t h a t  c a n  b e  e x p e c t e d  i n  t h e  

a t m o s p h e r e  a n d  t h e i r  a c c e p t i b i l i t y  t o  t h e  r e g u l a t o r y  a g e n c y .  

W h e n  t h e s e  l e v e l s  b e c o m e  a  d a n g e r  t o  t h e  p u b l i c  t h e  v a p o r s  

e x i s t i n g  t h e  a i r  s t r i p p e r  a s  p a s s e d  t h r o u g h  a  c a r b o n  

a d s o r p t i o n  t o w e r  t o  r e m o v e  t h e  c o n t a m i n a n t s .  T h e  a i r  

s t r i p p i n g  p r o c e s s  i s  e x p e c t e d  t o  r e m o v e  9 9 %  o f  t h e  o r g a n i c s  

f r o m  t h e  w a t e r .  O z o n a t i o n  i s  u n p r o v e n  u n d e r  f i e l d  

A i r  S t r i p p i n g  

O z o n a t i o n / U l t r a  v i o l e t  

A i r  S t r i p p i n g  w i t h  V P  C a r b o n  A d s o r p t i o n  

C a r b o n  A d s o r p t i o n  -  L i q u i d  P h a s e  

D i s t i l l a t i o n  

0 . 3  

0 . 5  

0 . 5  

0 . 9  

1 . 2  
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c o n d i t i o n s  s i m i l a r  t o  F H C .  G A C  i s  e f f e c t i v e  b u t  m o r e  

e x p e n s i v e .  I t  o f f e r s  t h e  a d v a n t a g e  o f  p r e v e n t i n g  

a t m o s p h e r i c  e m i s s i o n  o f  t h e  s o l v e n t s .  

C h r o m i u m  R e m o v a l  

T e c h n o l o g i e s  i n c l u d i n g  n e u t r a l i z a t i o n ,  p r e c i p i t a t i o n ,  

r e d u c t i o n ,  r e v e r s e  o s m o s i s ,  i o n  e x c h a n g e ,  s e l e c t i v e  m e d i a ,  

f i l t r a t i o n ,  s e d i m e n t a t i o n  a n d  d i s t i l l a t i o n  w e r e  r e t a i n e d  i n  

S e c t i o n  2 .  T h e r e  a r e  r e a l l y  o n l y  f i v e  s e p a r a t e  t e c h n o l o g i e s  

c o n s i s t i n g  o f  c o m b i n a t i o n s  o f  t h e s e  u n i t  o p e r a t i o n s :  

1 .  R e d u c t i o n ,  p r e c i p i t a t i o n ,  s e d i m e n t a t i o n ,  f i l t r a t i o n  

a n d  n e u t r a l i z a t i o n ,  

2 .  I o n  e x c h a n g e ,  

3 .  S e l e c t i v e  m e d i a ,  

4 .  R e v e r s e  o s m o s i s ,  

5 .  D i s t i l l a t i o n .  

R e l a t i v e  u n i t  c o s t s  f o r  c o m p a r a t i v e  p u r p o s e s  o f  t h e s e  

t r e a t m e n t  t e c h n o l o g i e s  w e r e  d e v e l o p e d  f r o m  E P A  w a t e r  

t r e a t m e n t  c o s t  d a t a  a n d  f r o m  p a s t  p r o j e c t  e x p e r i e n c e  a n d  a r e  

s h o w n  b e l o w .  C o s t s  a r e  s h o w n  i n  " u n i t  l e s s "  t e r m s  f o r  

r e l a t i v e  c o s t  r a n k i n g  o n l y .  

I o n  E x c h a n g e  a n d  E v a p o r a t i o n  o. 9  

C h r o m i u m  R e c o v e r y  

S e l e c t i v e  M e d i a  n  q  
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R e d u c t i o n ,  P r e c i p i t a t i o n ,  S e d i m e n t a t i o n  1 . 0  

F i l t r a t i o n  a n d  N e u t r a l i z a t i o n  

R e v e r s e  O s m o s i s  5 0  

D i s t i l l a t i o n  7 0  

R e v e r s e  o s m o s i s  a n d  d i s t i l l a t i o n  w i l l  n o t  b e  f u r t h e r  

c o n s i d e r e d  b e c a u s e  o f  h i g h  u n i t  c o s t s .  I o n  e x c h a n g e  a n d  

s e l e c t i v e  m e d i a  t e c h n o l o g i e s  a r e  p r e f e r r e d  o v e r  

p r e c i p i t a t i o n ,  s e d i m e n t a t i o n  a n d  f i l t r a t i o n  d u e  t o  t h e i r  

s i m p l e r  o p e r a t i o n  r e q u i r e m e n t s  a n d  t h e  m u c h  s m a l l e r  l a n d  

a r e a  r e q u i r e d  f o r  t h e  f a c i l i t i e s .  S i n c e  1 )  r e l a t i v e  c o s t s  

a r e  t h e  s a m e ,  2 )  i o n  e x c h a n g e  i s  t h e  m o r e  c o m m o n  p r o c e s s  

h a v i n g  m o r e  d e t a i l e d  c o s t  d a t a  a v a i l a b l e ,  a n d  3 )  p r o c e s s  

r e s u l t s  a r e  c o m p a r a b l e .  I o n  e x c h a n g e  w i l l  b e  r e f l e c t e d  a s  

t h e  s e l e c t e d  w a t e r  t r e a t m e n t  a l t e r n a t i v e  i n  t h e  r e m a i n d e r  o f  

t h i s  r e p o r t .  A  m o r e  d e t a i l e d  c o m p a r i s o n  o f  i o n  e x c h a n g e  a n d  

s e l e c t i v e  m e d i a  c o u l d  b e  p e r f o r m e d  a f t e r  p i l o t  t e s t s  h a v e  

b e e n  c o m p l e t e d .  

T r e a t m e n t  o f  S o i l  W a s h i n g  W a t e r  

S o i l  w a s h i n g  w a t e r  w i l l  c o n t a i n  l a r g e  a m o u n t s  o f  s i l t  w h i c h  

m u s t  b e  r e m o v e d  b e f o r e  t h e  c h r o m i u m  c a n  b e  r e m o v e d .  T h e  

c h r o m i u m  w i l l  b e  i n  o x i d i z e d  ( C r + 6 )  f o r m  a n d  l i m e  a d d i t i o n  

w i l l  b e  u s e d  t o  p r e c i p i t a t e  t h e  s i l t .  F i l t r a t i o n  w i l l  

r e m o v e  t h e  p r e c i p i t a t e / s i l t  e s c a p i n g  s e d i m e n t a t i o n .  

R e d u c t i o n ,  i o n  e x c h a n g e  a n d  n e u t r a l i z a t i o n  w i l l  t h e n  b e  u s e d  

t o  r e m o v e  t h e  c h r o m i u m  f r o m  t h e  c l a r i f i e d  w a t e r .  
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3 . 1 . 3  C o m b i n a t i o n  o f  A p p l i c a b l e  T e c h n o l o g i e s  I n t o  P r e l i m i n a r y  R e m e d i a l  

A l t e r n a t i v e s  

I n  t h i s  s e c t i o n ,  t h e  a p p l i c a b l e  r e m e d i a l  t e c h n o l o g i e s  l i s t e d  a n d  

s c r e e n e d  i n  S e c t i o n  2 . 0  a l o n g  w i t h  f u r t h e r  s c r e e n i n g  i n  3 . 1 . 2  a r e  

c o m b i n e d  i n t o  p r e l i m i n a r y  a l t e r n a t i v e s .  I n  d e v e l o p i n g  t h e  

a l t e r n a t i v e s ,  i t  f i r s t  m u s t  b e  r e c o g n i z e d  t h a t  t h e  t e c h n o l o g i e s  

a r e  n o t ,  f o r  t h e  m o s t  p a r t ,  u t i l i z e d  i n d e p e n d e n t l y .  R a t h e r ,  

s e v e r a l  c o m p l e m e n t a r y  t e c h n o l o g i e s  m u s t  b e  a s s e m b l e d  t o  p r o v i d e  a  

c o m p l e t e  t r e a t m e n t  s y s t e m  t o  m e e t  o b j e c t i v e s  a n d  N C P  r e m e d i a l  

c a t e g o r i e s  a s  i d e n t i f i e d  i n  3 . 1 . 1 .  A  l i s t i n g  o f  t h e  P r e l i m i n a r y  

R e m e d i a l  A l t e r n a t i v e s  a n d  t h e  c o r r e s p o n d i n g  a p p l i c a b l e  c a t e g o r i e s  

i s  s h o w n  i n  T a b l e  3 - 2 .  

D E S C R I P T I O N  A N D  E V A 1 U A T I O N  O F  P R E L I M I N A R Y  A L T E R N A T I V E S  

I n  t h e  f o l l o w i n g  s e c t i o n ,  d e s c r i p t i o n s  o f  t h e  p r e l i m i n a r y  a l t e r n a t i v e s  

l i s t e d  i n  T a b l e  3 - 2  a r e  g i v e n  i n  s u f f i c i e n t  d e t a i l  t o  p e r f o r m  t h e  

i n i t i a l  p u b l i c  h e a l t h ,  e n v i r o n m e n t a l  a n d  c o s t  s c r e e n i n g .  S i n c e  t h e  

t e c h n o l o g i e s  a r e  d e s c r i b e d  i n  S e c t i o n  2 . 0 ,  a n d  f u r t h e r  s c r e e n e d  u n d e r  

3 . 1 . 2 ,  t h e i r  a p p l i c a b i l i t y  i s  o n l y  b r i e f l y  m e n t i o n e d  h e r e .  I n  

a c c o r d a n c e  w i t h  N C P  s p e c i f i c a t i o n s ,  t h e  a l t e r n a t i v e s  l i s t e d  i n  T a b l e  3 - 2  

a r e  c l a s s i f i e d  a s  s o u r c e  c o n t r o l  o r  m a n a g e m e n t  o f  m i g r a t i o n  m e a s u r e s ,  o r  

a s  b o t h .  T h e  p o t e n t i a l  h u m a n  h e a l t h  a n d  e n v i r o n m e n t a l  i m p l i c a t i o n s  o f  

e a c h  a l t e r n a t i v e  a r e  d i s c u s s e d  i n  S e c t i o n  3 . 3 . 1 .  T h e s e  a r e  e v a l u a t e d  

a c c o r d i n g  t o  t h e  r e m e d i a l  o b j e c t i v e s  i d e n t i f i e d  i n  S e c t i o n  1 . 5  a n d  

c r i t e r i a  p r e s e n t e d  i n  S e c t i o n  3 . 1 .  A  d e s c r i p t i o n  o f  t h e  m a j o r  c o s t  

e l e m e n t s  a n d  r o u g h  e s t i m a t e s  o f  p r e s e n t  w o r t h  a r e  p r o v i d e d  w i t h  a n  

a c c u r a c y  o f  - 5 0  p e r c e n t  t o  + 1 0 0  p e r c e n t .  A  1 0  p e r c e n t  d i s c o u n t  f a c t o r  

f o r  a  1 5 - y e a r  t i m e  p e r i o d  i s  u s e d  f o r  r e c u r r i n g  o p e r a t i o n  a n d  

m a i n t e n a n c e  c o s t s .  L e s s  e a s i l y  q u a n t i f i e d  c o s t s  a n d  l o w e r  c o s t  i t e m s  

a r e  c o n s i d e r e d  i n  t h e  d e t a i l e d  e v a l u a t i o n s  i n  S e c t i o n  5 . 0  f o r  f i n a l  

a l t e r n a t i v e s .  
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3 . 2 . 1  P r e l i m i n a r y  R e m e d i a l  A l t e r n a t i v e s  

A l t e r n a t i v e  I :  N o  A c t i o n  

I  -  D e s c r i p t i o n :  N o  a c t i o n  i s  n o t  a  c a t e g o r y  o f  t e c h n o l o g i e s  b u t  

a  g r o u p  o f  a c t i v i t i e s  w h i c h  c a n  b e  u s e d  t o  a d d r e s s  t h e  

c o n t a m i n a t i o n  p r o b l e m  w h e n  n o  r e m e d i a t i o n  m e a s u r e s ,  o r  i n  t h i s  

c a s e ,  n o  a d d i t i o n a l  r e m e d i a t i o n  m e a s u r e s  w i l l  b e  i m p l e m e n t e d .  

I — :  M o n i t o r i n a :  A  l o n g - t e r m  m o n i t o r i n g  p r o g r a m  w o u l d  b e  

i m p l e m e n t e d  t o  p r o v i d e  u p d a t e d  i n f o r m a t i o n  o n  t h e  m i g r a t i o n  o f  

c o n t a m i n a n t s .  F o r  g r o u n d w a t e r ,  b o t h  p r i v a t e  a n d  m o n i t o r i n g  w e l l s  

w o u l d  b e  s a m p l e d  o n  a  r o u t i n e  b a s i s ,  a n d  t h e  p r o g r a m  m o d i f i e d  a s  

t h e  p l u m e  c h a n g e s .  T h e  m o n i t o r i n g  p r o g r a m  w o u l d  a l s o  a d d r e s s  a i r  

q u a l i t y ,  s u r f a c e  s o i l ,  a n d  b u i l d i n g  c o m p o n e n t s .  P e r i o d i c  

i n s p e c t i o n s  o f  o n - s i t e  v e g e t a t i o n  w i l l  b e  p e r f o r m e d  t o  e n s u r e  t h a t  

n e w  e d i b l e  p l a n t  s p e c i e s  a r e  n o t  i n t r o d u c e d .  

I — : — A l t e r n a t i v e  W a t e r  S u d d I v :  W a t e r  s u p p l y  i s  a v a i l a b l e  

t h r o u g h o u t  t h e  a r e a  o f  g r o u n d w a t e r  c o n t a m i n a n t s  f r o m  t h e  C i t y  o f  

V a n c o u v e r  w a t e r  s u p p l y  s y s t e m .  T h e  V a n c o u v e r  s o u r c e  o f  s u p p l y  i s  

n o t  t h r e a t e n e d .  T h e r e f o r e  a d e q u a t e  w a t e r  s u p p l y  o f  s a t i s f a c t o r y  

q u a l i t y  i s  a v a i l a b l e  t o  a l l  p r o p e r t i e s  a f f e c t e d .  N o  h e a l t h  

h a z a r d s  w o u l d  b e  p r e s e n t  f o r  t h o s e  u s i n g  t h e  a l t e r n a t i v e  w a t e r .  

J — : — I n s t i t u t i o n a l  C o n t r o l s :  T h e  s i t e  w i l l  b e  r e s t r i c t e d  b y  d e e d  

f r o m  t h e  d r i l l i n g  a n d  d e v e l o p m e n t  o f  f u t u r e  w e l l s .  L a n d  u s e  

r e s t r i c t i o n s  w i l l  p r o h i b i t  t h e  d i s t u r b a n c e  o f  t h e  s o i l s  a n d  

b u i l d i n g s .  T h e s e  r e s t r i c t i o n s  m a y  b e  a t t a i n e d  b y  p h y s i c a l  

b a r r i e r s  o r  w a r n i n g  s i g n s ,  o r  b o t h ,  f o r  s i t e  a c c e s s  a s  w e l l  a s  

.  e n t r y  t o  t h e  b u i l d i n g s .  R e s t r i c t i o n s  o f  w e l l  i n s t a l l a t i o n  w i t h i n  

t h e  g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  h o w e v e r  

t h i s  m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  
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I — : — E v a l u a t i o n :  T h e  N o  A c t i o n  a l t e r n a t i v e  d o e s  n o t  a d e q u a t e l y  

p r o t e c t  h u m a n  h e a l t h  b e c a u s e  s u r f a c e  s o i l  c o n t a m i n a t i o n  i s  

a v a i l a b l e  f o r  h u m a n  c o n t a c t ,  e i t h e r  i n  a i r b o r n e  f o r m  o r  t h e  s o i l  

i t s e l f .  T h e  a l t e r n a t i v e  w o u l d  i n c l u d e  i n s t i t u t i o n a l  c o n t r o l s  a n d  

i n d e f i n i t e  m o n i t o r i n g .  T h e  a v a i l a b i l i t y  o f  c i t y  w a t e r  a l l o w s  

n o n d e v e l o p m e n t  o f  g r o u n d w a t e r  f o r  w a t e r  s u p p l i e s  a n d  p r o t e c t s  

p u b l i c  h e a l t h  f r o m  t h e  g r o u n d w a t e r  d e g r a d a t i o n .  

I -  C o s t s :  C o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  i n c l u d e  

i n s t a l l a t i o n  o f  s e v e r a l  n e w  m o n i t o r i n g  w e l l s  a s  w e l l  a s  

m a i n t e n a n c e  a n d  o p e r a t i o n  o f  t h e  w e l l s  o v e r  a n  e x t e n d e d  p e r i o d .  

A l t e r n a t i v e  I I :  S u r f a c e  C a p p i n g  w i t h  W a t e r  C o l l e c t i o n ;  L e v e l  A  

G r o u n d w a t e r  E x t r a c t i o n / T r e a t m e n t / R e c h a r g e ;  P a r t i a l  S t r u c t u r a l  

M i t i g a t i o n  

II— -  D e s c r i p t i o n :  T h i s  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  

s u r f a c e  w a t e r  p o l l u t i o n  p a t h w a y s  a n d  m a n a g e s  m i g r a t i o n  o f  

c o n t a m i n a n t s  i n  t h e  L e v e l  A  g r o u n d w a t e r .  

T h e  a i r b o r n e  p o l l u t i o n  p a t h w a y  i s  m i t i g a t e d  b y  c a p p i n g  t h e  

c o n t a m i n a t e d  s u r f a c e  s o i l  b y  u s i n g  a s p h a l t  o r  c o n c r e t e  p a v i n g .  

S u r f a c e  c a p p i n g  m i t i g a t e s  t h e  s u r f a c e  w a t e r  p o l l u t i o n  p a t h w a y  b y  

r e m o v i n g  c o n t a m i n a t e d  s o i l  f r o m  c o n t a c t  w i t h  s u r f a c e  w a t e r .  

G r o u n d w a t e r  i s  p u m p e d  f r o m  t h e  L e v e l  A  a q u i f e r  z o n e  a n d  t r e a t e d  t o  

r e m o v e  t h e  c o n t a m i n a n t s .  R e s i d u a l  s l u d g e  i s  d i s p o s e d  o f  o f f - s i t e  

o r  r e c y c l e d  f o r  m e t a l  r e c o v e r y .  T r e a t e d  w a t e r  i s  r e i n j e c t e d  i n t o  

t h e  L e v e l  B  a q u i f e r  z o n e .  P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  o f  t h e  

p u m p e d  g r o u n d w a t e r  a t  t h e  t r e a t m e n t  f a c i l i t y  a n d  p e r i o d i c  s a m p l i n g  

o f  t h e  m o n i t o r i n g  w e l l s  w i l l  p r o v i d e  t h e  r e g u l a t o r y  m o n i t o r i n g  

d a t a .  T h e  f o l l o w i n g  d e s c r i b e s  t h e  p r o c e s s  a n d  u n i t  o p e r a t i o n s .  
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U  -  C i v i l  S i t e  W o r k :  T h e  s u r f a c e  s o i l  w i l l  b e  c a p p e d  w i t h  

a s p h a l t  o r  c o n c r e t e  p a v e m e n t  a s  d e s c r i b e d  i n  2 . 3 . 3 . 1 . A .  T h e  

c a p p i n g  t e c h n o l o g y  w i l l  b e  s e l e c t e d  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  D u r i n g  t h i s  p r o c e s s  t h e  s i t e  w i l l  b e  g r a d e d  t o  

p r o m o t e  d r a i n a g e .  C o l l e c t i o n  s w a l e s  a n d  t r e n c h e s  w i l l  b e  p r o v i d e d  

t o  d i r e c t  t h e  n o n - c o n t a m i n a t e d  w a t e r  t o  d i r e c t  s e w e r  d i s c h a r g e .  

1 1  -  W e i  1  s :  M u l t i p l e  e j e c t o r  w e l l s  w i l l  b e  s u n k  i n t o  t h e  

c o n t a m i n a t i o n  p l u m e  o f  t h e  L e v e l  A  a q u i f e r  z o n e ,  a s  d e s c r i b e d  i n  

s e c t i o n  3 . 1 . 1 . 5 .  E a c h  w e l l  w i l l  b e  c o m p l e t e  w i t h  a  p u m p  a n d  t h e  

o u t l e t  w i l l  b e  c o n n e c t e d  t h r o u g h  c h e c k  v a l v e s  t o  a  c o m m o n  h e a d e r  

w h i c h  w i l l  d i r e c t  t h e  w a t e r  b y  p i p e l i n e  t o  t h e  s t o r a g e  b a s i n  o f  

t h e  t r e a t m e n t  f a c i l i t y .  T h e r e  w i l l  a l s o  b e  m u l t i p l e  i n j e c t i o n  

w e l l s  d r i l l e d  a t  t h e  u p  g r a d i e n t  a n d  d o w n  g r a d i e n t  e d g e  o f  t h e  

p l u m e  i n  w h i c h  w a t e r  f r o m  t h e  t r e a t m e n t  f a c i l i t y  w i l l  b e  

r e i n j e c t e d .  T h e  p i p e l i n e s  f r o m  t h e  e j e c t o r  w e l l s  t o  t h e  t r e a t m e n t  

f a c i l i t y  a n d  f r o m  t h e  f a c i l i t y  t o  t h e  r e i n j e c t e d  w e l l s  w i l l  b e  

b u r i e d  i n  a  s u b s u r f a c e  t r e n c h  t o  a v o i d  f r e e z i n g  i n  w i n t e r .  

I I  -  T r e a t m e n t  F a c i l i t y :  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  c o n s t r u c t e d  

o n - s i t e  t o  t r e a t  t h e  w a t e r .  I t  w i l l  i n c l u d e  a  s u b s u r f a c e  s t o r a g e  

s u m p ,  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p ,  a  

t r e a t m e n t  p r o c e s s  c o n s i s t i n g  o f  a i r  s t r i p p i n g  a n d  i o n  e x c h a n g e ,  a n  

e f f l u e n t  s u m p ,  a n d  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  

t h e  s u m p  a n d  f e e d i n g  t h e  i n j e c t i o n  w e l l s .  

I I  -  S t r u c t u r e  M i t i g a t i o n :  T h e  i n t e r i o r  w a l l s  a n d  s t r u c t u r e  o f  

t h e  b u i l d i n g  w i l l  b e  c l e a n e d  t o  r e m o v e  t h e  c o n t a m i n a n t  o r  s e a l e d  

t o  i m m o b i l i z e  t h e  c o n t a m i n a n t  b y  a  m e t h o d  d e s c r i b e d  i n  2 . 3 . 7 . 1 .  

T h e  s e l e c t i o n  o f  t h e  m e t h o d  w i l l  b e  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  T h e  c h r o m i u m  c o n t a m i n a t i o n  i n  t h e  f l o o r ,  

u n d e r l y i n g  s o i l  a n d  i n  t h e  d r a i n  p i p i n g  w i l l  b e  c o n t a i n e d  b y  
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l a y i n g  a n  i m p e r m e a b l e  s e a l  o v e r  t h e  e n t i r e  f l o o r .  T o  p r e v e n t  

d a m a g e  t o  t h i s  s e a l  a n d  y e t  a l l o w  l i g h t  i n d u s t r i a l  w o r k ,  a  

c o n c r e t e  f l o o r  w i l l  b e  l a i d  o v e r  t h e  s e a l .  

• U — : — I n s t i t u t i o n a l — C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  i m p l e m e n t e d  

w i t h  t h i s  a l t e r n a t i v e  w i l l  i n c l u d e  r e s t r i c t i o n s  o n  f u t u r e  l a n d  

u s e ,  a n d  r e s t r i c t i o n s  o n  d i s t u r b a n c e  o f  t h e  s o i l  c a p  o r  b u i l d i n g  

c o m p o n e n t s .  A d e q u a t e  s h o r t  a n d  l o n g  t e r m  w a t e r  s u p p l y  i s  

a v a i l a b l e  f r o m  t h e  C i t y  o f  V a n c o u v e r  w a t e r  s y s t e m .  R e s t r i c t i o n  o f  

w e l l  i n s t a l l a t i o n  w i t h i n  t h e  g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  

b e  r e q u i r e d ,  h o w e v e r  t h i s  m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

I I  -  C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  d i v i d e d  

i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  w h i c h  

i n c l u d e s  g r a d i n g ,  s o i l  c a p p i n g ,  d r a i n a g e ,  p o n d ,  w e l l  s i n k i n g ,  

p u m p s ,  a n d  w a t e r  t r e a t m e n t  f a c i l i t y  e q u i p m e n t  a n d  i n s t a l l a t i o n .  

T h e  s e c o n d  i s  t h e  o p e r a t i n g  c o s t  f o r  t h e  w a t e r  e x t r a c t i o n ,  

t r e a t m e n t  a n d  r e c h a r g e  f a c i l i t y  a n d  i n c u d e s  e n e r g y ,  m a i n t e n a n c e  

l a b o r  a n d  m a t e r i a l s ,  m o n i t o r i n g  a n d  i n s p e c t i o n .  T h e  l a t t e r  i s  

d i s c o u n t e d  t o  a  p r e s e n t  w o r t h  c o s t  f o r  c o m p a r i s o n  p u r p o s e s .  T h e  

f o l l o w i n g  i s  t h e  c o s t  b a s i s .  

C a p i t a l  O & M  T o t a l  

C o s t s  P r e s e n t  W o r t h  L C C  

A l t e r n a t i v e  I I  2 , 8 7 6  1 0 , 7 2 8  1 3 , 6 0 4  

($1000) 

A s s u m p t i o n s  i n c l u d e :  

C a p p i n g  -  2 , 0 0 0  S Y  

S t r u c t u r e  C l e a n i n g  -  3 0 , 0 0 0  S F  

G r o u n d w a t e r  ( 1 5  w e l l s )  -  1 , 0 0 0  G P M  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  @  1 0 %  
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I I — i — E v a l u a t i o n :  T h i s  a l t e r n a t i v e  i n c l u d e s  g r o u n d w a t e r  t r e a t m e n t  

w i t h o u t  r e m o v a l  o f  t h e  c o n t a m i n a n t  s o u r c e  i n  t h e  s u b s u r f a c e  s o i l .  

E n v i r o n m e n t a l  a n d  h e a l t h  n e e d s  w o u l d  b e  m e t  b y  s u r f a c e  c a p p i n g .  

L o n g  t e r m  m i t i g a t i o n  i s  a d d r e s s e d  b y  p u m p i n g  a n d  t r e a t i n g  

g r o u n d w a t e r .  I n s t i t u t i o n a l  c o n t r o l s  w i l l  r e s t r i c t  p u b l i c  a c c e s s  

t o  t h e  s i t e .  T h e  m o d e l i n g  d a t a  e v a l u a t i o n  d i s c u s s e d  i n  p a r a g r a p h  

3 . 1 . 1 .  r e v e a l s  t h a t  w i t h  t h e  s l o w  r a t e  o f  l e a c h i n g  a n d  c h r o m i u m  

c o n v e r s i o n  n o  s i g n i f i c a n t  c o n t a m i n a n t  r e d u c t i o n s  w o u l d  o c c u r  i n  

t h e  s h o r t  t e r m .  P u m p s  a n d  w a t e r  t r e a t m e n t  o p e r a t i o n s  w o u l d  h a v e  

t o  b e  m a i n t a i n e d  p o s s i b l y  l o n g e r  t h a n  1 0 0  y e a r s  t o  e f f e c t i v e l y  

m i t i g a t e  c o n t a m i n a t i o n .  T r e a t m e n t  l e v e l  w o u l d  h a v e  t o  m e e t  

d r i n k i n g  w a t e r  s t a n d a r d s  f o r  r e i n j e c t i o n .  T h e  c o s t s  s h o w n  a r e  

c o n s i d e r e d  f o r  a  1 5 - y e a r  p e r i o d  f o r  c o m p a r i s o n  w i t h  o t h e r  

a l t e r n a t i v e s .  L o n g e r  p e r i o d s  w o u l d  o f  c o u r s e  i n c r e a s e  p r e s e n t  

w o r t h  v a l u e s  s o m e w h a t  b u t  w o u l d  n o t  h a v e  a  s u b s t a n t i a l  e f f e c t  o n  

t h e  c o s t  m a g n i t u d e .  S u r f a c e  c a p p i n g  w i l l  r e q u i r e  s u r f a c e  w a t e r  

c o l l e c t i o n  a n d  d i s c h a r g e  t o  s e w e r .  

A l t e r n a t i v e  I I I :  S u r f a c e  C a p p i n g  w i t h  W a t e r  C o l l e c t i o n ;  L e v e l  A  

G r o u n d w a t e r  E x t r a c t i o n / T r e a t m e n t / D i s p o s a l ;  P a r t i a l  S t r u c t u r a l  

M i t i g a t i o n  

.LLI— : — D e s c r i p t i o n :  T h i s  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  

s u r f a c e  w a t e r  p o l l u t i o n  p a t h w a y s  a n d  m a n a g e s  m i g r a t i o n  o f  

c o n t a m i n a n t s  i n  t h e  L e v e l  A  g r o u n d w a t e r .  

T h e  a i r b o r n e  p o l l u t i o n  p a t h w a y  i s  m i t i g a t e d  b y  c a p p i n g  t h e  

c o n t a m i n a t e d  s u r f a c e  s o i l  b y  u s i n g  a s p h a l t  o r  c o n c r e t e  p a v i n g .  

S u r f a c e  c a p p i n g  m i t i g a t e s  t h e  s u r f a c e  w a t e r  p o l l u t i o n  p a t h w a y  b y  

r e m o v i n g  c o n t a m i n a t e d  s o i l  f r o m  c o n t a c t  w i t h  s u r f a c e  w a t e r .  

G r o u n d w a t e r  i s  p u m p e d  f r o m  t h e  L e v e l  A  a q u i f e r  a n d  t r e a t e d  t o  

r e m o v e  t h e  c o n t a m i n a n t s .  R e s i d u a l  s l u d g e  i s  d i s p o s e d  o f  o f f - s i t e .  
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T r e a t e d  w a t e r  i s  d i s p o s e d  o f f - s i t e  t o  a n  o p e n  w a t e r  b o d y .  

P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  o f  t h e  p u m p e d  g r o u n d w a t e r  a t  t h e  

t r e a t m e n t  f a c i l i t y  a n d  p e r i o d i c  s a m p l i n g  o f  t h e  m o n i t o r i n g  w e l l s  

w i l l  p r o v i d e  t h e  r e g u l a t o r y  m o n i t o r i n g  d a t a .  T h e  f o l l o w i n g  

d e s c r i b e s  t h e  p r o c e s s  a n d  u n i t  o p e r a t i o n s .  

I-LI— i —Ci v " i  1  S i t e  W o r k :  T h e  s u r f a c e  s o i l  w i l l  b e  c a p p e d  w i t h  

a s p h a l t  o r  c o n c r e t e  p a v e m e n t  a s  d e s c r i b e d  i n  2 . 3 . 3 . 1 . A .  T h e  

c a p p i n g  t e c h n o l o g y  w i l l  b e  s e l e c t e d  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  D u r i n g  t h i s  p r o c e s s  t h e  s i t e  w i l l  b e  g r a d e d  t o  

p r o m o t e  d r a i n a g e .  C o l l e c t i o n  s w a l e s  a n d  t r e n c h e s  w i l l  b e  p r o v i d e d  

t o  d i r e c t  t h e  n o n - c o n t a m i n a t e d  w a t e r  o r  d i r e c t  s e w e r  d i s c h a r g e .  

I l l  -  W e l l s :  M u l t i p l e  e j e c t o r  w e l l s  w i l l  b e  s u n k  i n t o  t h e  

c o n t a m i n a t i o n  p l u m e  o f  t h e  L e v e l  A  a q u i f e r ,  a s  d e s c r i b e d  i n  

S e c t i o n  3 . 1 . 1 . 5 .  E a c h  w e l l  w i l l  b e  c o m p l e t e  w i t h  a  p u m p  a n d  t h e  

o u t l e t  w i l l  b e  c o n n e c t e d  t h r o u g h  c h e c k  v a l v e s  t o  a  c o m m o n  . h e a d e r  

w h i c h  w i l l  d i r e c t  t h e  w a t e r  b y  p i p e l i n e  t o  t h e  s t o r a g e  b a s i n  o f  

t h e  t r e a t m e n t  f a c i l i t y .  T h e  p i p e l i n e s  f r o m  t h e  e j e c t o r  w e l l s  t o  

t h e  t r e a t m e n t  f a c i l i t y  w i l l  b e  b u r i e d  i n  a  s u b s u r f a c e  t r e n c h  t o  

a v o i d  f r e e z i n g  i n  w i n t e r .  

i l l — -  T r e a t m e n t  F a c i l i t y :  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

c o n s t r u c t e d  o n - s i t e  t o  t r e a t  t h e  w a t e r .  I t  w i l l  i n c l u d e  a  s t o r a g e  

s u m p ,  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p ,  a  

t r e a t m e n t  p r o c e s s  c o n s i s t i n g  o f  a i r  s t r i p p i n g  a n d  i o n  e x c h a n g e ,  a n  

e f f l u e n t  s u m p ,  a n d  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  

t h e  s u m p  a n d  f e e d i n g  t o  t h e  d i s p o s a l  l i n e s .  

I_LI— ; — D i s p o s a l  :  T h e  t r e a t e d  w a t e r  w i l l  b e  d i s c h a r g e d  t o  t h e  

C o l u m b i a  R i v e r  w i t h i n  N P D E S  r e s t r i c t i o n s  i n c l u d i n g  c h r o n i c  

f r e s h w a t e r  a q u a t i c  t o x i c i t y  s t a n d a r d s  f o r  c h r o m i u m .  T e n t a t i v e l y  

i d e n t i f i e d  q u a n t i t i e s  o f  w a t e r  t o  b e  d i s p o s e d  p r e c l u d e  t h e  o p t i o n  

o f  u s i n g  m u n i c i p a l  f a c i l i t i e s .  
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I l l  -  S t r u c t u r e  M i t i g a t i o n :  T h e  i n t e r i o r  w a l l s  a n d  s t r u c t u r e  o f  

t h e  b u i l d i n g  w i l l  b e  c l e a n e d  t o  r e m o v e  t h e  c o n t a m i n a n t  o r  s e a l e d  

t o  i m m o b i l i z e  t h e  c o n t a m i n a n t  b y  a  m e t h o d  d e s c r i b e d  i n  2 . 3 . 7 . 1 .  

T h e  s e l e c t i o n  o f  t h e  m e t h o d  w i l l  b e  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  T h e  c h r o m i u m  c o n t a m i n a t i o n  i n  t h e  f l o o r ,  

u n d e r l y i n g  s o i l  a n d  t h e  d r a i n  p i p i n g  w i l l  b e  c o n t a i n e d  b y  l a y i n g  

a n  i m p e r m e a b l e  s e a l  o v e r  t h e  e n t i r e  f l o o r .  T o  p r e v e n t  d a m a g e  t o  

t h i s  s e a l  a n d  y e t  a l l o w  l i g h t  i n d u s t r i a l  w o r k ,  a  c o n c r e t e  f l o o r  

w i l l  b e  l a i d  o v e r  t h e  s e a l .  

I l l  -  I n s t i t u t i o n a l  C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  i m p l e m e n t e d  

w i t h  t h i s  a l t e r n a t i v e  w i l l  i n c l u d e  r e s t r i c t i o n s  o n  f u t u r e  l a n d  u s e  

a n d  r e s t r i c t i o n s  o n  d i s t u r b a n c e  o f  t h e  s o i l  c a p  o r  b u i l d i n g  

c o m p o n e n t s .  A d e q u a t e  w a t e r  s u p p l y  i s  a v a i l a b l e  f r o m  t h e  C i t y  o f  

V a n c o u v e r  w a t e r  s y s t e m .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  w i t h i n  

t h e  g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  h o w e v e r  

t h i s  m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

I l l  -  C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  

d i v i d e d  i n t o  t w o  c a t e g o r i e s .  .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  

w h i c h  i n c l u d e s  g r a d i n g ,  s o i l  c a p p i n g ,  d r a i n a g e ,  p o n d ,  w e l l  

s i n k i n g ,  p u m p s ,  a n d  w a t e r  t r e a t m e n t  f a c i l i t y  e q u i p m e n t  a n d  

i n s t a l l a t i o n .  T h e  s e c o n d  i s  t h e  o p e r a t i n g  c o s t  f o r  t h e  w a t e r  

t r e a t m e n t  f a c i l i t y  a n d  i n c u d e s  e n e r g y ,  m a i n t e n a n c e  l a b o r  a n d  

m a t e r i a l s ,  m o n i t o r i n g  a n d  i n s p e c t i o n .  T h e  l a t t e r  i s  d i s c o u n t e d  t o  

a  p r e s e n t  w o r t h  c o s t  f o r  c o m p a r i s o n  p u r p o s e s .  T h e  f o l l o w i n g  i s  

t h e  c o s t  b a s i s .  
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C a p i t a l  

C o s t s  

O & M  T o t a l  

P r e s e n t  W o r t h  L C C  

A l t e r n a t i v e  I I I  3 , 2 1 9  1 3 , 1 3 8  1 6 , 3 5 7  

($1000) 

A s s u m p t i o n s  i n c l u d e :  

C a p p i n g  -  2 , 0 0 0  S Y  

S t r u c t u r e  C l e a n i n g  -  3 0 , 0 0 0  S F  

G r o u n d w a t e r  ( 1 5  w e l l s )  -  1 , 0 0 0  G P M  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  0  1 0 %  

•LLLc— E v a l u a t i o n :  T h i s  a l t e r n a t i v e  i s  s i m i l a r  t o  t h e  p r e v i o u s  i n  

t h a t  i t  i n c l u d e s  g r o u n d w a t e r  t r e a t m e n t  w i t h o u t  r e m o v a l  o f  t h e  

c o n t a m i n a n t  s o u r c e  i n  t h e  s u b s u r f a c e  s o i l .  A g a i n ,  i m m e d i a t e  

e n v i r o n m e n t a l  a n d  h e a l t h  n e e d s  w o u l d  b e  m e t  b y  a d d r e s s i n g  s u r f a c e  

f e a t u r e s .  L o n g  t e r m  m i t i g a t i o n  i s  a d d r e s s e d  b y  p u m p i n g  a n d  

t r e a t i n g  g r o u n d w a t e r .  I n s t i t u t i o n a l  c o n t r o l s  w i l l  r e s t r i c t  p u b l i c  

a c c e s s  t o  t h e  s i t e .  D i s p o s a l  o f  t h e  t r e a t e d  w a t e r  t o  t h e  C o l u m b i a  

R i v e r  r e q u i r e s  c h r o m i u m  r e d u c t i o n  t o  0 . 0 1  m g / 1 .  A s  d i s c u s s e d  i n  

A l t e r n a t i v e  2 ,  p u m p s  a n d  w a t e r  t r e a t m e n t  o p e r a t i o n s  w o u l d  p o s s i b l y  

h a v e  t o  b e  m a i n t a i n e d  l o n g e r  t h a n  1 0 0  y e a r s  t o  m i t i g a t e  

g r o u n d w a t e r  c o n t a m i n a t i o n .  S u r f a c e  c a p p i n g  w i l l  r e q u i r e  s u r f a c e  

w a t e r  c o l l e c t i o n  a n d  a  r e t e n t i o n  p o n d .  

A l t e r n a t i v e  I V :  S u r f a c e  C a p p i n g  w i t h  W a t e r  C o l l e c t i o n ;  P a r t i a l  

S t r u c t u r a l  M i t i g a t i o n ;  N o  G r o u n d w a t e r  o r  S u b s u r f a c e  M i t i g a t i o n  

I V  -  D e s c r i p t i o n :  T h i s  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  

s u r f a c e  w a t e r  p o l l u t i o n  p a t h w a y s  i n c l u d i n g  t h e  s t r u c t u r e .  

I n s t i t u t i o n a l  c o n t r o l s  w i l l  b e  i m p l e m e n t e d  t o  c o n t r o l  a c c e s s  t o  

s u b s u r f a c e  s o i l s  o r  g r o u n d w a t e r .  
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T h e  a i r b o r n e  p o l l u t i o n  p a t h w a y  i s  m i t i g a t e d  b y  c a p p i n g  t h e  

c o n t a m i n a t e d  s u r f a c e  s o i l  b y  u s i n g  a s p h a l t  o r  c o n c r e t e  p a v i n g .  

S u r f a c e  c a p p i n g  m i t i g a t e s  t h e  s u r f a c e  w a t e r  p o l l u t i o n  p a t h w a y  b y  

r e m o v i n g  c o n t a m i n a t e d  s o i l  f r o m  c o n t a c t  w i t h  s u r f a c e  w a t e r .  

I V  -  C i v i l  S i t e  W o r k :  T h e  s u r f a c e  s o i l  w i l l  b e  c a p p e d  w i t h  

a s p h a l t  o r  c o n c r e t e  p a v e m e n t  a s  d e s c r i b e d  i n  2 . 3 . 3 . 1 . A .  T h e  

c a p p i n g  t e c h n o l o g y  w i l l  b e  s e l e c t e d  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  D u r i n g  t h i s  p r o c e s s  t h e  s i t e  w i l l  b e  g r a d e d  t o  

p r o m o t e  d r a i n a g e .  C o l l e c t i o n  s w a l e s  a n d  t r e n c h e s  w i l l  b e  p r o v i d e d  

t o  d i r e c t  t h e  n o n - c o n t a m i n a t e d  w a t e r  t o  d i r e c t  s e w e r  d i s c h a r g e .  '  

I V  -  S t r u c t u r e  M i t i g a t i o n :  T h e  i n t e r i o r  w a l l s  a n d  s t r u c t u r e  o f  

t h e  b u i l d i n g  w i l l  b e  c l e a n e d  t o  r e m o v e  t h e  c o n t a m i n a n t  o r  s e a l e d  

t o  i m m o b i l i z e  t h e  c o n t a m i n a n t  b y  a  m e t h o d  d e s c r i b e d  i n  2 . 3 . 7 . 1 .  

T h e  s e l e c t i o n  o f  t h e  m e t h o d  w i l l  b e  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  T h e  c h r o m i u m  c o n t a m i n a t i o n  i n  t h e  f l o o r ,  

u n d e r l y i n g  s o i l  a n d  i n  t h e  d r a i n  p i p i n g  w i l l  b e  c o n t a i n e d  b y  

l a y i n g  a n  i m p e r m e a b l e  s e a l  o v e r  t h e  e n t i r e  f l o o r .  T o  p r e v e n t  

d a m a g e  t o  t h i s  s e a l  a n d  y e t  a l l o w  l i g h t  i n d u s t r i a l  w o r k ,  a  

c o n c r e t e  f l o o r  w i l l  b e  l a i d  o v e r  t h e  s e a l .  

— : — I n s t i t u t i o n a l — C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  i m p l e m e n t e d  

w i t h  t h i s  a l t e r n a t i v e  w i l l  i n c l u d e  r e s t r i c t i o n s  o n  f u t u r e  l a n d  u s e  

a n d  r e s t r i c t i o n s  o n  d i s t u r b a n c e  o f  t h e  s o i l  c a p  o r  b u i l d i n g  

c o m p o n e n t s .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  w i t h i n  t h e  

g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  h o w e v e r  t h i s  

m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

I V  '  C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  d i v i d e d  

i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  w h i c h  

i n c l u d e s  g r a d i n g ,  s o i l  c a p p i n g  a n d  d r a i n a g e  s y s t e m .  T h e  s e c o n d  i s  

t h e  o p e r a t i n g  c o s t  f o r  m o n i t o r i n g  a n d  i n s p e c t i o n .  T h e  l a t t e r  i s  
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d i s c o u n t e d  t o  a  p r e s e n t  w o r t h  c o s t  f o r  c o m p a r i s o n  p u r p o s e s .  T h e  

f o l l o w i n g  i s  t h e  c o s t  b a s i s :  

C a p i t a l  

C o s t s  

O & M  

P r e s e n t  W o r t h  

T o t a l  

L C C  

A l t e r n a t i v e  I V  

($1000) 

2 1 3  1 9 2  4 0 5  

A s s u m p t i o n s  i n c l u d e :  

C a p p i n g  -  2 , 0 0 0  S Y  

S t r u c t u r e  C l e a n i n g  -  3 0 , 0 0 0  S F  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  @  1 0 %  

I V  -  E v a l u a t i o n :  A l t e r n a t i v e  4  p r o v i d e s  t r e a t m e n t  o f  t h e  s u r f a c e  

f e a t u r e s  w i t h o u t  t r e a t m e n t  o f  s u b s u r f a c e  s o i l  o r  w a t e r .  I m m e d i a t e  

e n v i r o n m e n t a l  a n d  h e a l t h  n e e d s  w o u l d  b e  m e t  b y  a d d r e s s i n g  t h e  

s u r f a c e  f e a t u r e s .  W a t e r  s u p p l i e d  b y  t h e  C i t y  o f  V a n c o u v e r  w a t e r  

s y s t e m  m i t i g a t e s  h e a l t h  e f f e c t  c o n c e r n s  f r o m  w a t e r  s u p p l y .  L o n g  

t e r m  m i t i g a t i o n  w o u l d  b e  a d d r e s s e d  t h r o u g h  i n s t i t u t i o n a l  

r e s t r i c t i o n s  o n  a c c e s s  t o  s u b s u r f a c e  s o i l s  o r  g r o u n d w a t e r .  

I n d e f i n i t e  m o n i t o r i n g  w o u l d  a l s o  b e  r e q u i r e d .  S u r f a c e  c a p p i n g  

w i l l  r e q u i r e  s u r f a c e  w a t e r  c o l l e c t i o n  a n d  d i r e c t  s e w e r  d i s c h a r g e .  

A l t e r n a t i v e  V :  S u r f a c e  S o i l  R e m o v a l /  T r e a t / R e p l a c e ,  L e v e l  A  

G r o u n d w a t e r  E x t r a c t i o n / T r e a t / R e c h a r g e ;  P a r t i a l  S t r u c t u r a l  

M i t i g a t i o n  

V  -  D e s c r i p t i o n :  I n  t h i s  a l t e r n a t i v e  t h e  s u r f a c e  s o i l s  g r e a t e r  

t h a n  o r  e q u a l  t o  5 5 0  p p m  t o t a l  C r  a r e  r e m o v e d  a n d  t r e a t e d  t o  

r e m o v e  t h e  c h r o m i u m  c o n t a m i n a n t .  T h i s  a c t i o n  m i t i g a t e s  t h e  

a i r b o r n e  a s  w e l l  a s  t h e  s u r f a c e  s o i l  p r o b l e m .  G r o u n d w a t e r  i s  

p u m p e d  f r o m  t h e  L e v e l  A  a q u i f e r  z o n e  a n d  t r e a t e d  t o  r e m o v e  t h e  

3 -46  



c h r o m i u m  c o n t a m i n a n t s .  T h e  s t r u c t u r e  o n  t h e  s i t e  w i l l  b e  c l e a n e d  

a n d  s e a l e d  w h e r e  a p p l i c a b l e  t o  r e m o v e  a n d  m i t i g a t e  c o n t a m i n a n t  

e x p o s u r e .  T r e a t e d  s o i l s  a r e  d i s p o s e d  o f  o n - s i t e  b y  b a c k f i l l i n g ,  

g r a d i n g  a n d  r e c o m p a c t i o n .  T h e  t r e a t e d  w a t e r  i s  r e i n j e c t e d  i n t o  

t h e  a q u i f e r .  P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  o f  t h e  p u m p e d  

g r o u n d w a t e r  a t  t h e  t r e a t m e n t  f a c i l i t y  a n d  p e r i o d i c  s a m p l i n g  o f  t h e  

m o n i t o r i n g  w e l l s  w i l l  p r o v i d e  t h e  r e g u l a t o r y  m o n i t o r i n g  d a t a .  T h e  

f o l l o w i n g  d e s c r i b e s  t h e  p r o c e s s  a n d  u n i t  o p e r a t i o n s .  

V  -  C i v i l  S i t e  W o r k :  T h e  c o n t a m i n a t e d  s u r f a c e  s o i l  w i l l  b e  

r e m o v e d  b y  b u l l d o z e r s  a n d  m o t o r  s c r a p e r s ,  a n d  s t o c k p i l e d  a d j a c e n t  

t o  t h e  s o i l s  t r e a t m e n t  f a c i l i t y .  T h e  t o p  o n e  a n d  o n e - h a l f  f e e t  o f  

s u r f a c e  s o i l  w o u l d  b e  r e m o v e d .  

T h e  s o i l  w i l l  b e  t r e a t e d  b y  w a s h i n g  a n d  l e a c h i n g ,  r e t u r n e d  t o  t h e  

e x c a v a t i o n  b y  t r u c k s  a n d  m o t o r  s c r a p e r s ,  t h e n  g r a d e d  a n d  c o m p a c t e d  

i n  l i f t s  s u i t a b l e  f o r  t h e  s o i l  t y p e .  F i n a l  g r a d i n g  o f  t h e  s i t e  

a r e a  w i l l  b e  p r o v i d e d  w i t h  a  v e g e t a t e d  c o v e r  a n d  g r a d e d  w i t h  

s w a l e s  a n d  s l o p e s  t o  p r o v i d e  s o i l  s t a b i l i t y  a n d  a d e q u a t e  s u r f a c e  

w a t e r  r u n o f f  d r a i n a g e .  

V  -  S o i l s  T r e a t m e n t  F a c i l i t y :  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

m o b i l i z e d  t o  t h e  s i t e  t o  t r e a t  t h e  c o n t a m i n a t e d  s o i l s .  T h e  

t r e a t m e n t  p r o c e s s e s  w i l l  b e  s e l e c t e d  f r o m  t h o s e  t e c h n o l o g i e s  

d e s c r i b e d  i n  2 . 3 . 4 . 4 . B  b a s e d  o n  c o s t  a n d  e c o n o m i c s .  T h e  t r e a t m e n t  

p r o c e s s  w i l l  t y p i c a l l y  c o m p r i s e  o f  a  s t o c k p i l e  c o n s t r u c t e d  w i t h  a  

s u b l i n e r  t o  p r e v e n t  r a i n w a t e r  l e a c h a t e  f r o m  m i g r a t i n g  i n t o  t h e  

s u r f a c e  s o i l s ,  a  l o a d i n g  h o p p e r ,  a  f e e d  s y s t e m  t o  c o n v e y  t h e  s o i l  

i n t o  t h e  p r o c e s s ,  t h e  p r o c e s s  i t s e l f ,  a n d  a  d i s c h a r g e  c o n v e y o r  

w h i c h  t r a n s f e r s  t h e  t r e a t e d  s o i l s  t o  t h e  s t o c k p i l e .  T h e r e  a r e  

o t h e r  a u x i l i a r y  e q u i p m e n t  r e q u i r e d  f o r  t h e  v a r i o u s  p r o c e s s e s  s u c h  

a s  r e a g e n t  s t o r a g e  a n d  f e e d  s y s t e m s ,  c o n c e n t r a t e  s t o r a g e  
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e q u i p m e n t ,  a n d  b a c k w a s h  a n d / o r  r e g e n e r a t i o n  e q u i p m e n t .  A  l o a d e r  

i s  a l s o  r e q u i r e d  t o  f e e d  s o i l  f r o m  t h e  s t o c k p i l e  t o  t h e  f e e d  

h o p p e r .  

v  ~  W e l l s :  M u l t i p l e  e j e c t o r  w e l l s  w i l l  b e  s u n k  i n t o  t h e  

c o n t a m i n a t i o n  p l u m e  o f  t h e  L e v e l  A  a q u i f e r  z o n e  a s  d e s c r i b e d  i n  

s e c t i o n  3 . 1 . 1 . 5 .  E a c h  w e l l  w i l l  b e  c o m p l e t e  w i t h  a  p u m p  a n d  t h e  

o u t l e t  o f  t h e  p u m p s  w i l l  b e  c o n n e c t e d  t h r o u g h  c h e c k  v a l v e s  t o  a  

c o m m o n  h e a d e r  w h i c h  w i l l  d i r e c t  t h e  w a t e r  b y  p i p e l i n e  t o  t h e  

s t o r a g e  b a s i n  o f  t h e  t r e a t m e n t  f a c i l i t y .  T h e r e  w i l l  a l s o  b e  

m u l t i p l e  i n j e c t i o n  w e l l s  d r i l l e d  u p  g r a d i e n t  f r o m  t h e  p l u m e  i n  

w h i c h  w a t e r  f r o m  t h e  t r e a t m e n t  f a c i l i t y  w i l l  b e  r e i n j e c t e d .  T h e  

p i p e l i n e s  f r o m  t h e  e j e c t o r  w e l l s  t o  t h e  t r e a t m e n t  f a c i l i t y  a n d  

f r o m  t h e  f a c i l i t y  t o  t h e  r e i n j e c t e d  w e l l s  w i l l  b e  b u r i e d  i n  a  

s u b s u r f a c e  t r e n c h  t o  a v o i d  f r e e z i n g  i n  w i n t e r .  

V  -  W a t e r  T r e a t m e n t  F a c i l i t y :  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

c o n s t r u c t e d  o n - s i t e  t o  t r e a t  t h e  w a t e r .  I t  w i l l  i n c l u d e  a  s t o r a g e  

s u m p ,  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p ,  a i r  

s t r i p p i n g  a n d  i o n  e x c h a n g e ,  a n  e f f l u e n t  s u m p ,  a n d  c e n t r i f u g a l  

p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p  a n d  f e e d i n g  t h e  

i n j e c t i o n  w e l l s .  

V  -  S t r u c t u r e  M i t i g a t i o n :  T h e  i n t e r i o r  w a l l s  a n d  s t r u c t u r e  o f  t h e  

b u i l d i n g  w i l l  b e  c l e a n e d  t o  r e m o v e  t h e  c o n t a m i n a n t  o r  s e a l e d  t o  

i m m o b i l i z e  t h e  c o n t a m i n a n t  b y  a  m e t h o d  d e s c r i b e d  i n  2 . 3 . 7 . 1 .  T h e  

s e l e c t i o n  o f  t h e  m e t h o d  w i l l  b e  b a s e d  o n  c o s t  a n d  e f f e c t i v e n e s s .  

T h e  c h r o m i u m  c o n t a m i n a t i o n  i n  t h e  f l o o r ,  u n d e r l y i n g  s o i l  a n d  i n  

t h e  d r a i n  p i p i n g  w i l l  b e  c o n t a i n e d  b y  l a y i n g  a n  i m p e r m e a b l e  s e a l  

o v e r  t h e  e n t i r e  f l o o r .  T o  p r e v e n t  d a m a g e  t o  t h i s  s e a l  a n d  y e t  

a l l o w  l i g h t  i n d u s t r i a l  w o r k ,  a  c o n c r e t e  f l o o r  w i l l  b e  l a i d  o v e r  

t h e  s e a l .  A t  t h e  e n d  o f  i t s  u s e f u l  l i f e  t h e  b u i l d i n g  w o u l d  h a v e  

t o  b e  d e m o l i s h e d  a n d  d i s p o s e d  a l o n g  w i t h  t h e  u n d e r l y i n g  s u r f a c e  

s o i l .  
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V  -  I n s t i t u t i o n a l  C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  t o  b e  

i m p l e m e n t e d  w i t h  t h i s  a l t e r n a t i v e  w i l l  i n c l u d e  r e s t r i c t i o n s  o n  

f u t u r e  l a n d  u s e  a n d  r e s t r i c t i o n s  o n  d i s t u r b a n c e  o f  t h e  s o i l  o r  

b u i l d i n g  c o m p o n e n t s .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  w i t h i n  t h e  

g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  h o w e v e r  t h i s  

m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

v  '  c ° s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  d i v i d e d  

i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  w h i c h  

i n c l u d e s  e x c a v a t i o n ,  s o i l  t r e a t m e n t ,  b a c k f i l l ,  g r a d i n g ,  d r a i n a g e ,  

w e l l  s i n k i n g ,  a n d  w a t e r  t r e a t m e n t  f a c i l i t y  e q u i p m e n t  a n d  

i n s t a l l a t i o n .  T h e  s e c o n d  i s  t h e  o p e r a t i n g  c o s t  f o r  t h e  s o i l  a n d  

w a t e r  t r e a t m e n t  f a c i l i t i e s  a n d  i n c u d e s  e n e r g y ,  m a i n t e n a n c e  l a b o r  

a n d  m a t e r i a l s ,  m o n i t o r i n g  a n d  i n s p e c t i o n .  T h e  l a t t e r  i s  

d i s c o u n t e d  t o  a  p r e s e n t  w o r t h  c o s t  f o r  c o m p a r i s o n  p u r p o s e s .  T h e  

f o l l o w i n g  i s  t h e  c o s t  b a s i s .  

C a p i t a l  O & M  T o t a l  

C o s t s  P r e s e n t  W o r t h  L C C  

A l t e r n a t e  V  3 , 3 1 3  1 0 , 9 1 4  1 4 , 2 2 7  

( $ 1 0 0 0 )  

A s s u m p t i o n s  i n c l u d e :  

T r e a t e d  S u r f a c e  S o i l  -  6 0 0  C Y  

S t r u c t u r e  C l e a n i n g  -  3 0 , 0 0 0  S F  

G r o u n d w a t e r  1 5  w e l l s  -  1 , 0 0 0  G P M  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  @  1 0 %  

¥ — : — E v a l u a t i o n :  T h i s  a l t e r n a t i v e  m e e t s  i m m e d i a t e  e n v i r o n m e n t a l  

a n d  h e a l t h  n e e d s  b y  a d d r e s s i n g  t h e  s u r f a c e  f e a t u r e s  i n c l u d i n g  t h e  
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s u r f a c e  s o i l  a n d  t h e  b u i l d i n g .  L o n g  t e r m  p l u m e  c o n t a i n m e n t  i s  

a d d r e s s e d  b y  p u m p i n g  a n d  t r e a t i n g  g r o u n d w a t e r  a l o n g  w i t h  

i n s t i t u t i o n a l  r e s t r i c t i o n s .  A d e q u a t e  w a t e r  s u p p l y  i s  a v a i l a b l e  

f r o m  t h e  C i t y  o f  V a n c o u v e r  w a t e r  s y s t e m .  A s  w i t h  s i m i l a r  p r e v i o u s  

a l t e r n a t i v e s  t h e  g r o u n d w a t e r  w o u l d  b e  t r e a t e d  w i t h o u t  r e m o v a l  o f  

t h e  c o n t a m i n a n t  s o u r c e .  N o  s i g n i f i c a n t  c o n t a m i n a n t  r e d u c t i o n s  

w o u l d  o c c u r  i n  t h e  s h o r t  t e r m .  P u m p i n g  a n d  w a t e r  t r e a t m e n t  w o u l d  

h a v e  t o  b e  m a i n t a i n e d  l o n g e r  t h a n  1 0 0  y e a r s  t o  m i t i g a t e  

c o n t a m i n a t i o n .  W a t e r  t r e a t m e n t  l e v e l  w o u l d  h a v e  t o  b e  t o  d r i n k i n g  

w a t e r  s t a n d a r d s  f o r  r e i n j e c t i o n .  

A l t e r n a t i v e  V I :  S u r f a c e  S o i l  R e m o v a l / T r e a t / R e p l a c e ,  L e v e l -  A  

G r o u n d w a t e r  E x t r a c t i o n / T r e a t / R e c h a r g e ;  P a r t i a l  S t r u c t u r a l  

M i t i g a t i o n  

¥ 1 — : — D e s c r i p t i o n :  I n  t h i s  a l t e r n a t i v e  t h e  s u r f a c e  s o i l  g r e a t e r  

t h a n  o r  e q u a l  t o  5 5 0  p p m  t o t a l  C r  a r e  r e m o v e d  a n d  t r e a t e d  t o  

r e m o v e  t h e  c h r o m i u m  c o n t a m i n a n t .  T h i s  a c t i o n  m i t i g a t e s  t h e  

a i r b o r n e  a s  w e l l  a s  t h e  s u r f a c e  s o i l  p r o b l e m .  G r o u n d w a t e r  i s  

p u m p e d  f r o m  t h e  L e v e l  A  z o n e  a n d  t r e a t e d  t o  r e m o v e  t h e  c h r o m i u m  

c o n t a m i n a n t s  t o  t h e  M C L .  T h e  s t r u c t u r e  o n  t h e  s i t e  w i l l  b e  

c l e a n e d  a n d  s e a l e d  w h e r e  a p p l i c a b l e  t o  r e m o v e  a n d  m i t i g a t e  

c o n t a m i n a n t  e x p o s u r e .  T r e a t e d  s o i l s  a r e  d i s p o s e d  o f  o n - s i t e  b y  

b a c k f i l l i n g ,  g r a d i n g  a n d  r e c o m p a c t i o n .  T h e  t r e a t e d  w a t e r  w i l l  b e  

d i s p o s e d  o f f - s i t e  t o  t h e  C o l u m b i a  R i v e r .  P e r i o d i c  s a m p l i n g  a n d  

t e s t i n g  o f  t h e  p u m p e d  g r o u n d w a t e r  a t  t h e  t r e a t m e n t  f a c i l i t y  a n d  

p e r i o d i c  s a m p l i n g  o f  t h e  m o n i t o r i n g  w e l l s  w i l l  p r o v i d e  t h e  

r e g u l a t o r y  m o n i t o r i n g  d a t a .  T h e  f o l l o w i n g  d e s c r i b e s  t h e  p r o c e s s  

a n d  u n i t  o p e r a t i o n s .  

V I  -  C i v i l  S i t e  W o r k :  T h e  c o n t a m i n a t e d  s u r f a c e  s o i l  w i l l  b e  

r e m o v e d  b y  b u l l d o z e r s  a n d  m o t o r  s c r a p e r s  a n d  s t o c k p i l e d  a d j a c e n t  

t o  t h e  s o i l s  t r e a t m e n t  f a c i l i t y .  T h e  t o p  o n e  a n d  o n e - h a l f  f o o t  o f  

s u r f a c e  s o i l  w o u l d  b e  r e m o v e d .  
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T h e  s o i l  w i l l  b e  t r e a t e d  b y  w a s h i n g  a n d  l e a c h i n g ,  r e t u r n e d  t o  t h e  

e x c a v a t i o n  b y  t r u c k s  a n d  m o t o r  s c r a p e r s ,  t h e n  g r a d e d  a n d  c o m p a c t e d  

i n  l i f t s  s u i t a b l e  f o r  t h e  s o i l  t y p e .  F i n a l  g r a d i n g  o f  t h e  s i t e  

a r e a  w i l l  b e  p r o v i d e d  w i t h  a  v e g e t a t e d  c o v e r  a n d  g r a d e d  w i t h  

s w a l e s  a n d  s l o p e s  t o  p r o v i d e  s o i l  s t a b i l i t y  a n d  a d e q u a t e  s u r f a c e  

w a t e r  r u n o f f  d r a i n a g e .  

V I  -  S o i l s  T r e a t m e n t  F a c i l i t y ;  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

m o b i l i z e d  t o  t h e  s i t e  t o  t r e a t  t h e  c o n t a m i n a t e d  s o i l s .  T h e  

t r e a t m e n t  p r o c e s s e s  w i l l  b e  s e l e c t e d  f r o m  t h o s e  t e c h n o l o g i e s  

d e s c r i b e d  i n  2 . 3 . 4 . 4 . B  a n d  f u r t h e r  s c r e e n e d  i n  3 . 1 . 2 ,  b a s e d  o n  

c o s t  a n d  e c o n o m i c s .  T h e  t r e a t m e n t  p r o c e s s  w i l l  t y p i c a l l y  c o m p r i s e  

o f  a  s t o c k p i l e  c o n s t r u c t e d  w i t h  a  s u b l i n e r  t o  p r e v e n t  r a i n w a t e r  

l e a c h a t e  f r o m  m i g r a t i n g  i n t o  t h e  s u r f a c e  s o i l s ,  a  l o a d i n g  h o p p e r ,  

a  f e e d  s y s t e m  t o  c o n v e y  t h e  s o i l  i n t o  t h e  p r o c e s s ,  t h e  p r o c e s s  

i t s e l f ,  a n d  a  d i s c h a r g e  c o n v e y o r  w h i c h  t r a n s f e r s  t h e  t r e a t e d  s o i l s  

t o  t h e  s t o c k p i l e .  T h e r e  a r e  o t h e r  a u x i l i a r y  e q u i p m e n t  r e q u i r e d  

f o r  t h e  v a r i o u s  p r o c e s s e s  s u c h  a s  r e a g e n t  s t o r a g e  a n d  f e e d  

s y s t e m s ,  c o n c e n t r a t e  s t o r a g e  e q u i p m e n t ,  a n d  b a c k w a s h  a n d / o r  

r e g e n e r a t i o n  e q u i p m e n t .  A  l o a d e r  i s  a l s o  r e q u i r e d  t o  f e e d  s o i l  

f r o m  t h e  s t o c k p i l e  t o  t h e  f e e d  h o p p e r .  

V I  '  w e l l s :  M u l t i p l e  e j e c t o r  w e l l s  w i l l  b e  s u n k  i n t o  t h e  

c o n t a m i n a t i o n  p l u m e  o f  t h e  L e v e l  A  a q u i f e r  z o n e .  E a c h  w e l l  w i l l  

b e  c o m p l e t e  w i t h  a  p u m p  a n d  t h e  o u t l e t  w i l l  b e  c o n n e c t e d  t h r o u g h  

c h e c k  v a l v e s  t o  a  c o m m o n  h e a d e r  w h i c h  w i l l  d i r e c t  t h e  w a t e r  b y  

p i p e l i n e  t o  t h e  s t o r a g e  b a s i n  o f  t h e  t r e a t m e n t  f a c i l i t y .  T h e  

p i p e l i n e s  f r o m  t h e  e j e c t o r  w e l l s  t o  t h e  t r e a t m e n t  f a c i l i t y  w i l l  b e  

b u r i e d  i n  a  s u b s u r f a c e  t r e n c h  t o  a v o i d  f r e e z i n g  i n  w i n t e r .  

V I  -  W a t e r  T r e a t m e n t  F a c i l i t y ;  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

c o n s t r u c t e d  o n - s i t e  t o  t r e a t  t h e  w a t e r .  I t  w i l l  i n c l u d e  a  s t o r a g e  

s u m p ,  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p ,  a i r  
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s t r i p p i n g  a n d  i o n  e x c h a n g e ,  a n  e f f l u e n t  s u m p ,  a n d  c e n t r i f u g a l  

p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p  a n d  f e e d i n g  t o  t h e  

d i s p o s a l  l i n e s .  

V I  -  P i  s p o s a l :  T h e  t r e a t e d  w a t e r  w i l l  b e  d i s c h a r g e d  t o  t h e  

C o l u m b i a  R i v e r  w i t h i n  N P D E S  r e s t r i c t i o n s  a n d  w i t h i n  c h r o n i c  

a m b i e n t  w a t e r  q u a l i t y  s t a n d a r d s  f o r  f r e s h w a t e r  o r g a n i s m s .  

T e n t a t i v e l y  i d e n t i f i e d  q u a n t i t i e s  o f  w a t e r  t o  b e  d i s p o s e d  p r e c l u d e  

t h e  o p t i o n  o f  u s i n g  m u n i c i p a l  f a c i l i t i e s .  

V I  -  S t r u c t u r e  M i t i g a t i o n :  T h e  i n t e r i o r  w a l l s  a n d  s t r u c t u r e  o f  

t h e  b u i l d i n g  w i l l  b e  c l e a n e d  t o  r e m o v e  t h e  c o n t a m i n a n t  o r  s e a l e d  

t o  i m m o b i l i z e  t h e  c o n t a m i n a n t  b y  a  m e t h o d  d e s c r i b e d  i n  2 . 3 . 7 . 1 .  

T h e  s e l e c t i o n  o f  t h e  m e t h o d  w i l l  b e  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  T h e  c h r o m i u m  c o n t a m i n a t i o n  i n  t h e  f l o o r ,  

u n d e r l y i n g  s o i l  a n d  i n  t h e  d r a i n  p i p i n g  w i l l  b e  c o n t a i n e d  b y  

l a y i n g  a n  i m p e r m e a b l e  s e a l  o v e r  t h e  e n t i r e  f l o o r .  T o  p r e v e n t  

d a m a g e  t o  t h i s  s e a l  a n d  y e t  a l l o w  l i g h t  i n d u s t r i a l  w o r k ,  a  

c o n c r e t e  f l o o r  w i l l  b e  l a i d  o v e r  t h e  s e a l .  F u t u r e  d e m o l i t i o n  o f  

t h e  s t r u c t u r e  a n d  r e m o v a l  o f  c o n t a m i n a t e d  p o r t i o n s ,  i n c l u d i n g  

s o i l s  w o u l d  b e  r e q u i r e d .  

V I  -  I n s t i t u t i o n a l  C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  t o  b e  

i m p l e m e n t e d  w i t h  t h i s  a l t e r n a t i v e  w i l l  i n c l u d e  r e s t r i c t i o n s  o n  

f u t u r e  l a n d  u s e  a n d  r e s t r i c t i o n s  o n  d i s t u r b a n c e  o f  t h e  s o i l  o r  

b u i l d i n g  c o m p o n e n t s .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  w i t h i n  t h e  

g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  h o w e v e r  t h i s  

m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

V I  -  C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  d i v i d e d  

i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  w h i c h  

i n c l u d e s  e x c a v a t i o n ,  s o i l  t r e a t m e n t ,  b a c k f i l l ,  g r a d i n g ,  d r a i n a g e ,  

w e l l  s i n k i n g ,  w a t e r  t r e a t m e n t  f a c i l i t y  e q u i p m e n t ,  a n d  e q u i p m e n t  

i n s t a l l a t i o n .  T h e  s e c o n d  i s  t h e  o p e r a t i n g  c o s t  f o r  t h e  s o i l  a n d  
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w a t e r  t r e a t m e n t  f a c i l i t i e s ,  w h i c h  i n c l u d e s  e n e r g y ,  m a i n t e n a n c e  

l a b o r  a n d  m a t e r i a l s ,  m o n i t o r i n g  a n d  i n s p e c t i o n .  T h e  l a t t e r  i s  

d i s c o u n t e d  t o  a  p r e s e n t  w o r t h  c o s t  f o r  c o m p a r i s o n  p u r p o s e s .  T h e  

f o l l o w i n g  i s  t h e  c o s t  b a s i s .  

C a p i t a l  O & M  T o t a l  

C o s t s  P r e s e n t  W o r t h  L C C  

A l t e r n a t i v e  V I  3 , 6 7 4  1 3 , 3 2 2  1 6 , 9 9 6  

($1000) 

A s s u m p t i o n s  i n c l u d e :  

T r e a t e d  S u r f a c e  S o i l  -  6 0 0  C Y  

S t r u c t u r e  C l e a n i n g  -  3 0 , 0 0 0  S F  

G r o u n d w a t e r  1 5  w e l l s  -  1 , 0 0 0  G P M  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  @  1 0 %  

¥ i —  • E v a l u a t i o n :  T h i s  a l t e r n a t i v e  m e e t s  i m m e d i a t e  e n v i r o n m e n t a l  

a n d  h e a l t h  n e e d s  b y  a d d r e s s i n g  t h e  s u r f a c e  f e a t u r e s  i n c l u d i n g  t h e  

s u r f a c e  s o i l  a n d  t h e  b u i l d i n g .  L o n g  t e r m  m i t i g a t i o n  i s  a d d r e s s e d  

b y  p u m p i n g  a n d  t r e a t i n g  g r o u n d w a t e r  a l o n g  w i t h  i n s t i t u t i o n a l  

r e s t r i c t i o n s .  L e v e l  B  g r o u n d w a t e r  r e m a i n s  h i g h e r  t h a n  t h e  M C L  f o r  

t o t a l  C r ,  h o w e v e r ,  o v e r  t h e  l o n g  t e r m .  A d e q u a t e  w a t e r  s u p p l y  i s  

c u r r e n t l y  a v a i l a b l e  f r o m  t h e  C i t y  o f  V a n c o u v e r  w a t e r  s y s t e m .  A s  

w i t h  s i m i l a r  p r e v i o u s  a l t e r n a t i v e s  t h e  L e v e l  A  g r o u n d w a t e r  w o u l d  

b e  t r e a t e d  w i t h o u t  r e m o v a l  o f  t h e  c o n t a m i n a n t  s o u r c e .  D i s c u s s i o n s  

i n  P a r a g r a p h  3 . 1 . 1  r e v e a l  t h a t  n o  s i g n i f i c a n t  c o n t a m i n a n t  

r e d u c t i o n s  w o u l d  o c c u r  i n  t h e  s h o r t  t e r m  a n d  p u m p i n g  a n d  w a t e r  

t r e a t m e n t  w o u l d  t h e r e f o r e  h a v e  t o  e x t e n d  b e y o n d  1 0 0  y e a r s .  C o s t  

f o r  w a t e r  d i s p o s a l  c o n s i d e r s  p u m p i n g  t o  t h e  C o l u m b i a  R i v e r  w h i c h  

w i l l  r e q u i r e  c h r o m i u m  r e d u c t i o n ' t o  l e s s  t h a n  0 . 0 1  m g / 1 .  
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A 1 t e r n a t i v e  V I I :  S u r f a c e  S o i l  R e m o v a l  a n d  D i s p o s a l ;  L e v e l  A  

G r o u n d w a t e r  E x t r a c t i o n / T r e a t / R e c h a r g e ;  P a r t i a l  S t r u c t u r a l  

M i t i g a t i o n  

Y-LI—i—D s s c r i p t i o n :  I n  t h i s  a l t e r n a t i v e  t h e  s u r f a c e  s o i l  i s  

r e m o v e d  a n d  d i s p o s e d .  R e m o v e d  s o i l  w o u l d  b e  r e p l a c e d  w i t h  c l e a n  

s o i l .  B e c a u s e  t h e  a m o u n t  o f  c o n t a m i n a t e d  s u r f a c e  s o i l  i s  

r e l a t i v e l y  s m a l l  ( 6 0 0  c u .  y d s ) ,  a l l  o f  t h e  m a t e r i a l  w o u l d  b e  

d i s p o s e d  o f f - s i t e  t o  a  R C R A  d i s p o s a l  s i t e .  T h i s  a c t i o n  m i t i g a t e s  

t h e  a i r b o r n e  a s  w e l l  a s  t h e  s u r f a c e  s o i l  p r o b l e m .  G r o u n d w a t e r  i s  

p u m p e d  f r o m  t h e  L e v e l  A  a q u i f e r  z o n e  a n d  t r e a t e d  t o  r e m o v e  t h e  

c h r o m i u m  c o n t a m i n a n t s .  T h e  s t r u c t u r e  o n  t h e  s i t e  w i l l  b e  c l e a n e d  

a n d  s e a l e d  w h e r e  a p p l i c a b l e  t o  r e m o v e  a n d  m i t i g a t e  c o n t a m i n a n t  

e x p o s u r e .  T h e  t r e a t e d  w a t e r  i s  r e i n j e c t e d  i n t o  t h e  a q u i f e r .  

P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  o f  t h e  p u m p e d  g r o u n d w a t e r  a t  t h e  

t r e a t m e n t  f a c i l i t y  a n d  p e r i o d i c  s a m p l i n g  o f  t h e  m o n i t o r i n g  w e l l s  

w i l l  p r o v i d e  t h e  r e g u l a t o r y  m o n i t o r i n g  d a t a .  T h e  f o l l o w i n g  

d e s c r i b e s  t h e  p r o c e s s  a n d  u n i t  o p e r a t i o n s .  T h e  s t r u c t u r e  a n d  

c o n t a m i n a t e d  s o i l s  m u s t  h a v e  f u t u r e  p r o p e r  r e m o v a l  a n d  d i s p o s a l .  

V I I  -  C i v i l  S i t e  W o r k :  T h e  c o n t a m i n a t e d  s u r f a c e  s o i l  w i l l  b e  

r e m o v e d  b y  b u l l d o z e r s  a n d  m o t o r  s c r a p e r s .  T h e  s o i l  w i l l  b e  

s t o c k p i l e d ,  l o a d e d  a n d  t h e n  t r a n s p o r t e d  a s  r e q u i r e d  t o  a  R C R A  

d i s p o s a l  s i t e .  T h e  c o s t  o f  t h i s  a l t e r n a t i v e  w o u l d  i n c l u d e  

r e p l a c i n g  t h e  r e m o v e d  s o i l  w i t h  c l e a n  b a c k f i l l .  F i n a l  g r a d i n g  o f  

t h e  s i t e  a r e a  w i l l  b e  p r o v i d e d  w i t h  a  v e g e t a t e d  c o v e r  a n d  g r a d e d  

w i t h  s w a l e s  a n d  s l o p e s  t o  p r o v i d e  s o i l  s t a b i l i t y  a n d  a d e q u a t e  

s u r f a c e  w a t e r  r u n o f f  d r a i n a g e .  

'  W e l l s :  M u l t i p l e  e j e c t o r  w e l l s  w i l l  b e  s u n k  i n t o  t h e  

c o n t a m i n a t i o n  p l u m e  o f  t h e  L e v e l  A  a q u i f e r  z o n e .  E a c h  w e l l  w i l l  

b e  c o m p l e t e  w i t h  a  p u m p  a n d  t h e  o u t l e t  w i l l  b e  c o n n e c t e d  t h r o u g h  

c h e c k  v a l v e s  t o  a  c o m m o n  h e a d e r  w h i c h  w i l l  d i r e c t  t h e  w a t e r  b y  

p i p e l i n e  t o  t h e  s t o r a g e  b a s i n  o f  t h e  t r e a t m e n t  f a c i l i t y .  T h e r e  
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w i l l  a l s o  b e  m u l t i p l e  i n j e c t i o n  w e l l s  d r i l l e d  u p  g r a d i e n t  f r o m  t h e  

p l u m e  i n  w h i c h  w a t e r  f r o m  t h e  t r e a t m e n t  f a c i l i t y  w i l l  b e  

r e i n j e c t e d .  T h e  p i p e l i n e s  f r o m  t h e  e j e c t o r  w e l l s  t o  t h e  t r e a t m e n t  

f a c i l i t y  a n d  f r o m  t h e  f a c i l i t y  t o  t h e  r e i n j e c t e d  w e l l s  w i l l  b e  

b u r i e d  i n  a  s u b s u r f a c e  t r e n c h  t o  a v o i d  f r e e z i n g  i n  w i n t e r .  

V H  -  W a t e r  T r e a t m e n t  F a c i l i t y :  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

c o n s t r u c t e d  o n - s i t e  t o  t r e a t  t h e  w a t e r .  I t  w i l l  i n c l u d e  a  s t o r a g e  

s u m p ,  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p ,  a i r  

s t r i p p i n g  a n d  i o n  e x c h a n g e ,  a n  e f f l u e n t  s u m p ,  a n d  c e n t r i f u g a l  

p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p  a n d  f e e d i n g  t h e  

i n j e c t i o n  w e l l s .  

VI]  -  S t r u c t u r e  M i t i g a t i o n :  T h e  i n t e r i o r  w a l l s  a n d  s t r u c t u r e  o f  

t h e  b u i l d i n g  w i l l  b e  c l e a n e d  t o  r e m o v e  t h e  c o n t a m i n a n t  o r  s e a l e d  

t o  i m m o b i l i z e  t h e  c o n t a m i n a n t  b y  a  m e t h o d  d e s c r i b e d  i n  2 . 3 . 7 . 1 .  

T h e  s e l e c t i o n  o f  t h e  m e t h o d  w i l l  b e  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  T h e  c h r o m i u m  c o n t a m i n a t i o n  i n  t h e  f l o o r ,  

u n d e r l y i n g  s o i l  a n d  i n  t h e  d r a i n  p i p i n g  w i l l  b e  c o n t a i n e d  b y  

l a y i n g  a n  i m p e r m e a b l e  s e a l  o v e r  t h e  e n t i r e  f l o o r .  T o  p r e v e n t  

d a m a g e  t o  t h i s  s e a l  a n d  y e t  a l l o w  l i g h t  i n d u s t r i a l  w o r k ,  a  

c o n c r e t e  f l o o r  w i l l  b e  l a i d  o v e r  t h e  s e a l .  A t  t h e  e n d  o f  i t s  

u s e f u l  l i f e  t h e  b u i l d i n g  a n d  t h e  u n d e r l y i n g  s u r f a c e  s o i l  w i l l  h a v e  

t o  b e  r e m o v e d  a n d  d i s p o s e d .  

— - — I n s t i t u t i o n a l — C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  t o  b e  

i m p l e m e n t e d  w i t h  t h i s  a l t e r n a t i v e  w i l l  i n c l u d e  r e s t r i c t i o n s  o n  

f u t u r e  l a n d  u s e  a n d  r e s t r i c t i o n s  o n  d i s t u r b a n c e  o f  t h e  s o i l  o r  

b u i l d i n g  c o m p o n e n t s .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  w i t h i n  t h e  

g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  h o w e v e r  t h i s  

m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

Y i J — ; — C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  

d i v i d e d  i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  
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w h i c h  i n c l u d e s  e x c a v a t i o n ,  o f f - s i t e  h a u l i n g  a n d  d i s p o s a l ,  o n - s i t e  

l a n d f i l l  c o n s t r u c t i o n ,  b a c k f i l l ,  g r a d i n g ,  d r a i n a g e ,  w e l l  s i n k i n g ,  

w a t e r  t r e a t m e n t  f a c i l i t y  e q u i p m e n t ,  a n d  e q u i p m e n t  i n s t a l l a t i o n .  

T h e  s e c o n d  i s  t h e  o p e r a t i n g  c o s t  f o r  t h e  w a t e r  t r e a t m e n t  

f a c i l i t i e s  a n d  i n c u d e s  e n e r g y ,  m a i n t e n a n c e  l a b o r  a n d  m a t e r i a l s ,  

m o n i t o r i n g  a n d  i n s p e c t i o n .  T h e  l a t t e r  i s  d i s c o u n t e d  t o  a  p r e s e n t  

w o r t h  c o s t  f o r  c o m p a r i s o n  p u r p o s e s .  T h e  f o l l o w i n g  i s  t h e  c o s t  

b a s i s :  

C a p i t a l  O & M  T o t a l  

C o s t s  P r e s e n t  W o r t h  L C C  

A l t e r n a t i v e  V I I  3 , 0 3 1  1 0 , 7 1 5  1 3 , 7 4 6  

( $ 1 0 0 0 )  

A s s u m p t i o n s  i n c l u d e :  

A l l  c o n t a m i n a t e d  s u r f a c e  s o i l  d i s p o s e d  1 4 0  m i .  @  $ . 3 0 / t o n  

m i .  @  $ 1 9 0 / t o n .  

G r o u n d w a t e r  ( 1 5  w e l l s )  -  1 , 0 0 0  G P M  

S t r u c t u r e  C l e a n i n g  -  3 0 , 0 0 0  S F  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  @  1 0 %  

f v a l u a t i  o n :  T h i s  a l t e r n a t i v e  a d d r e s s e s  t h e  s u r f a c e  s o i l  

c o n t a m i n a t i o n  b y  r e m o v a l  o f  t h e  c o n t a m i n a t e d  s o i l  g r e a t e r  t h a n  5 5 0  

P P m  t o t a l  C r  a n d  d i s p o s a l  o f f - s i t e  t o  a  R C R A  d i s p o s a l  s i t e .  T h e  

r e g u l a t e d  s i t e  w a s  c o n s i d e r e d  t o  b e  A r l i n g t o n ,  O r e g o n .  A s  w i t h  

s e v e r a l  o f  t h e  p r e v i o u s  a l t e r n a t i v e s  t h i s  o n e  i n c l u d e s  L e v e l  A  

g r o u n d w a t e r  t r e a t m e n t  w i t h o u t  r e m o v a l  o f  t h e  c o n t a m i n a n t  s o u r c e  i n  

t h e  s u b s u r f a c e  s o i l .  I m m e d i a t e  e n v i r o n m e n t a l  a n d  h e a l t h  n e e d s  

w o u l d  b e  m e t  b y  a d d r e s s i n g  s u r f a c e  f e a t u r e s .  L o n g  t e r m  m i t i g a t i o n  

o f  L e v e l  A  i s  a d d r e s s e d  b y  p u m p i n g  a n d  t r e a t i n g  g r o u n d w a t e r ,  

a l t h o u g h  p u m p s  a n d  w a t e r  t r e a t m e n t  o p e r a t i o n s  w o u l d  h a v e  t o  b e  

m a i n t a i n e d  p o s s i b l y  l o n g e r  t h a n  1 0 0  y e a r s  t o  m i t i g a t e  
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c o n t a m i n a t i o n .  W a t e r  t r e a t m e n t  l e v e l  w o u l d  b e  d r i n k i n g  w a t e r  

s t a n d a r d s  f o r  r e i n j e c t i o n .  A d e q u a t e  w a t e r  s u p p l y  i s  a v a i l a b l e  

f r o m  t h e  C i t y  o f  V a n c o u v e r  w a t e r  s y s t e m .  

A l t e r n a t i v e  V I I I ;  S u r f a c e  S o i l  R e m o v a l  a n d  D i s p o s a l ;  L e v e l  A  

G r o u n d w a t e r  E x t r a c t i o n / T r e a t / D i s c h a r g e ;  P a r t i a l  S t r u c t u r a l  

M i t i g a t i o n  

V I I I  -  D e s c r i p t i o n :  I n  t h i s  a l t e r n a t i v e  t h e  s u r f a c e  s o i l  i s  

r e m o v e d  a n d  d i s p o s e d .  R e m o v e d  s o i l  w o u l d  b e  r e p l a c e d  w i t h  c l e a n  

s o i l .  S i n c e  t h e  a m o u n t  o f  c o n t a m i n a t e d  s u r f a c e  s o i l  i s  r e l a t i v e l y  

s m a l l  ( 6 0 0  c u .  y d s . ) ,  a l l  o f  t h e  m a t e r i a l  w o u l d  b e  d i s p o s e d  o f f -

s i t e  t o  a  R C R A  d i s p o s a l  s i t e .  T h i s  a c t i o n  m i t i g a t e s  t h e  a i r b o r n e  

a s  w e l l  a s  t h e  s u r f a c e  s o i l  p r o b l e m .  G r o u n d w a t e r  i s  p u m p e d  f r o m  

t h e  L e v e l  A  a q u i f e r  z o n e  a n d  t r e a t e d  t o  r e m o v e  t h e  c h r o m i u m  

c o n t a m i n a n t s  t o  t h e  M C L .  T h e  s t r u c t u r e  o n  t h e  s i t e  w i l l  b e  

c l e a n e d  a n d  s e a l e d  w h e r e  a p p l i c a b l e  t o  r e m o v e  a n d  m i t i g a t e  

c o n t a m i n a n t  e x p o s u r e .  T h e  t r e a t e d  w a t e r  w i l l  b e  d i s p o s e d  o f f -

s i t e  t o  t h e  C o l u m b i a  R i v e r .  P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  o f  t h e  

p u m p e d  g r o u n d w a t e r  a t  t h e  t r e a t m e n t  f a c i l i t y  a n d  p e r i o d i c  s a m p l i n g  

o f  t h e  m o n i t o r i n g  w e l l s  w i l l  p r o v i d e  t h e  r e g u l a t o r y  m o n i t o r i n g  

d a t a .  T h e  f o l l o w i n g  d e s c r i b e s  t h e  p r o c e s s  a n d  u n i t  o p e r a t i o n s .  

HI!—- C i v i l  S i t e  W o r k :  T h e  c o n t a m i n a t e d  s u r f a c e  s o i l  w i l l  be 
r e m o v e d  b y  b u l l d o z e r s  a n d  m o t o r  s c r a p e r s .  T h e  s o i l  w i l l  b e  

s t o c k p i l e d ,  l o a d e d  a n d  t h e n  w i l l  b e  t r a n s p o r t e d  a s  r e q u i r e d  t o  a  

R C R A  d i s p o s a l  s i t e .  T h e  c o s t  o f  t h i s  a l t e r n a t i v e  w o u l d  i n c l u d e  

r e p l a c i n g  t h e  r e m o v e d  s o i l  w i t h  c l e a n  b a c k f i l l .  F i n a l  g r a d i n g  o f  

t h e  s i t e  a r e a  w i l l  b e  p r o v i d e d  w i t h  a  v e g e t a t e d  c o v e r  a n d  g r a d e d  

w i t h  s w a l e s  a n d  s l o p e s  t o  p r o v i d e  s o i l  s t a b i l i t y  a n d  a d e q u a t e  

s u r f a c e  w a t e r  r u n o f f  d r a i n a g e .  

V I I I  -  W e l l s :  M u l t i p l e  e j e c t o r  w e l l s  w i l l  b e  s u n k  i n t o  t h e  

c o n t a m i n a t i o n  p l u m e  o f  t h e  L e v e l  A  a q u i f e r  z o n e .  E a c h  w e l l  w i l l  
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b e  c o m p l e t e  w i t h  a  p u m p  a n d  t h e  o u t l e t  w i l l  b e  c o n n e c t e d  t h r o u g h  

c h e c k  v a l v e s  t o  a  c o m m o n  h e a d e r  w h i c h  w i l l  d i r e c t  t h e  w a t e r  b y  

p i p e l i n e  t o  t h e  s t o r a g e  b a s i n  o f  t h e  t r e a t m e n t  f a c i l i t y .  T h e  

p i p e l i n e s  f r o m  t h e  e j e c t o r  w e l l s  t o  t h e  t r e a t m e n t  f a c i l i t y  w i l l  b e  

b u r i e d  i n  a  s u b s u r f a c e  t r e n c h  t o  a v o i d  f r e e z i n g  i n  w i n t e r .  

V I I I  -  W a t e r  T r e a t m e n t  F a c i l i t y ;  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

c o n s t r u c t e d  o n - s i t e  t o  t r e a t  t h e  w a t e r .  I t  w i l l  i n c l u d e  a  s t o r a g e  

s u m p ,  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p ,  a i r  

s t r i p p i n g  a n d  i o n  e x c h a n g e ,  a n  e f f l u e n t  s u m p ,  a n d  c e n t r i f u g a l  

p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p  a n d  f e e d i n g  t o  t h e  

d i s p o s a l  l i n e s .  

V H J — : — P i s p o s a l :  T h e  t r e a t e d  w a t e r  w i l l  b e  d i s c h a r g e d  t o  t h e  

C o l u m b i a  R i v e r  w i t h i n  N P D E S  r e s t r i c t i o n s  a n d  w i t h i n  c h r o n i c  

a m b i e n t  w a t e r  q u a l i t y  s t a n d a r d s  f o r  f r e s h w a t e r  o r g a n i s m s .  

T e n t a t i v e l y  i d e n t i f i e d  q u a n t i t i e s  o f  w a t e r  t o  b e  d i s p o s e d  p r e c l u d e  

t h e  o p t i o n  o f  u s i n g  m u n i c i p a l  f a c i l i t i e s .  

i t l l l — : — S t r u c t u r e  M i t i g a t i o n :  T h e  i n t e r i o r  w a l l s  a n d  s t r u c t u r e  o f  

t h e  b u i l d i n g  w i l l  b e  c l e a n e d  t o  r e m o v e  t h e  c o n t a m i n a n t  o r  s e a l e d  

t o  i m m o b i l i z e  t h e  c o n t a m i n a n t  b y  a  m e t h o d  d e s c r i b e d  i n  2 . 3 . 7 . 1 .  

T h e  s e l e c t i o n  o f  t h e  m e t h o d  w i l l  b e  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  T h e  c h r o m i u m  c o n t a m i n a t i o n  i n  t h e  f l o o r ,  

u n d e r l y i n g  s o i l  a n d  t h e  d r a i n  p i p i n g  w i l l  b e  c o n t a i n e d  b y  l a y i n g  

a n  i m p e r m e a b l e  s e a l  o v e r  t h e  e n t i r e  f l o o r .  T o  p r e v e n t  d a m a g e  t o  

t h i s  s e a l  a n d  y e t  a l l o w  l i g h t  i n d u s t r i a l  w o r k ,  a  c o n c r e t e  f l o o r  

w i l l  b e  l a i d  o v e r  t h e  s e a l .  A t  t h e  e n d  o f  i t s  u s e f u l  l i f e  t h e  

b u i l d i n g  a n d  t h e  u n d e r l y i n g  s u r f a c e  s o i l  w i l l  h a v e  t o  b e  r e m o v e d  

a n d  d i s p o s e d .  

3 -58  



V I I I  -  I n s t i t u t i o n a l  C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  t o  b e  

i m p l e m e n t e d  w i t h  t h i s  a l t e r n a t i v e  w i l l  i n c l u d e  r e s t r i c t i o n s  o n  

f u t u r e  l a n d  u s e  a n d  r e s t r i c t i o n s  o n  d i s t u r b a n c e  o f  t h e  s o i l  o r  

b u i l d i n g  c o m p o n e n t s .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  w i t h i n  t h e  

g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  h o w e v e r  t h i s  

m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

V I I I  -  C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  

d i v i d e d  i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  

w h i c h  i n c l u d e s  e x c a v a t i o n ,  o f f - s i t e  h a u l i n g  a n d  d i s p o s a l ,  

b a c k f i l l ,  g r a d i n g ,  d r a i n a g e ,  w e l l  s i n k i n g ,  w a t e r  t r e a t m e n t  

f a c i l i t y  e q u i p m e n t  a n d  e q u i p m e n t  i n s t a l l a t i o n .  T h e  s e c o n d  i s  t h e  

o p e r a t i n g  c o s t  f o r  t h e  w a t e r  t r e a t m e n t  f a c i l i t i e s  a n d  i n c u d e s  

e n e r g y ,  m a i n t e n a n c e  l a b o r  a n d  m a t e r i a l s ,  m o n i t o r i n g  a n d  

i n s p e c t i o n .  T h e  l a t t e r  i s  d i s c o u n t e d  t o  a  p r e s e n t  w o r t h  c o s t  f o r  

c o m p a r i s o n  p u r p o s e s .  T h e  f o l l o w i n g  i s  t h e  c o s t  b a s i s .  

C a p i t a l  O & M  T o t a l  

C o s t s  P r e s e n t  W o r t h  L C C  

A l t e r n a t i v e  V I I I  3 , 3 7 3  1 3 , 1 2 3  1 6 , 4 9 6  

($1000) 

A s s u m p t i o n s  i n c l u d e :  

A l l  c o n t a m i n a t e d  s u r f a c e  s o i l  d i s p o s e d  1 4 0  m i .  @  $ . 3 0 / t o n  

m i .  @  S 1 9 0 / t o n .  

G r o u n d w a t e r  ( 1 5  w e l l s )  -  1 , 0 0 0  G P M  

S t r u c t u r e  C l e a n i n g  -  3 0 , 0 0 0  S F  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  @  1 0 %  

V I I I  -  E v a l u a t i o n :  T h i s  a l t e r n a t i v e  a d d r e s s e s  t h e  s u r f a c e  s o i l  

c o n t a m i n a t i o n  b y  r e m o v a l  o f  t h e  c o n t a m i n a t e d  s u r f a c e  s o i l  a n d  
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d i s p o s a l  o f f - s i t e  t o  a  R C R A  d i s p o s a l  s i t e .  T h e  r e g u l a t e d  s i t e  w a s  

c o n s i d e r e d  t o  b e  A r l i n g t o n ,  O r e g o n .  A l t h o u g h  t h i s  m e t h o d  o f  

d i s p o s a l  m a y  b e  t h e  m o s t  e c o n o m i c a l ,  t h e  r e m o v a l  a n d  o f f - s i t e  

d i s p o s a l  o f  c o n t a m i n a n t s  a r e  n o t  f a v o r e d  u n d e r  S A R A .  A s  w i t h  

s e v e r a l  o f  t h e  p r e v i o u s  a l t e r n a t i v e s  t h i s  o n e  i n c l u d e s  g r o u n d w a t e r  

t r e a t m e n t  w i t h o u t  r e m o v a l  o f  t h e  c o n t a m i n a n t  s o u r c e  i n  t h e  

s u b s u r f a c e  s o i l .  I m m e d i a t e  e n v i r o n m e n t a l  a n d  h e a l t h  n e e d s  w o u l d  

b e  m e t  b y  a d d r e s s i n g  s u r f a c e  f e a t u r e s .  A d e q u a t e  w a t e r  s u p p l y  i s  

a v a i l a b l e  f r o m  t h e  V a n c o u v e r  w a t e r  s y s t e m .  L o n g  t e r m  m i t i g a t i o n  

o f  L e v e l  A  i s  a d d r e s s e d  b y  p u m p i n g  a n d  t r e a t i n g  g r o u n d w a t e r ,  

a l t h o u g h  p u m p s  a n d  w a t e r  t r e a t m e n t  o p e r a t i o n s  w o u l d  h a v e  t o  b e  

m a i n t a i n e d  p o s s i b l y  l o n g e r  t h a n  1 0 0  y e a r s .  C o s t s  f o r  w a t e r  

d i s p o s a l  c o n s i d e r s  p u m p i n g  t o  t h e  C o l u m b i a  R i v e r  w h i c h  w i l l  

r e q u i r e  c h r o m i u m  r e d u c t i o n  t o  0 . 0 1  m g / 1  a n d  a n  N P D E S  p e r m i t .  

A 1  T e r n  a t  i  v e — I _ X :  S u r f a c e  S o i l  R e m o v a l  a n d  D i s p o s a l ;  P a r t i a l  

S t r u c t u r a l  M i t i g a t i o n ;  N o  S u b s u r f a c e  S o i l  o r  G r o u n d w a t e r  

M i t i g a t i o n  

; — D e s c r i p t i o n ;  I n  t h i s  a l t e r n a t i v e  t h e  s u r f a c e  s o i l  i s  r e m o v e d  

a n d  d i s p o s e d .  R e m o v e d  s o i l  w o u l d  b e  r e p l a c e d  w i t h  c l e a n  s o i l .  

B e c a u s e  t h e  a m o u n t  o f  c o n t a m i n a t e d  s u r f a c e  s o i l  i s  r e l a t i v e l y  

s m a l l  ( 6 0 0  c u .  y d s . ) ,  a l l  o f  t h e  m a t e r i a l  w o u l d  b e  d i s p o s e d  o f f -

s i t e  t o  a  R C R A  d i s p o s a l  s i t e .  T h i s  a c t i o n  m i t i g a t e s  t h e  a i r b o r n e  

a s  w e l l  a s  t h e  s u r f a c e  s o i l  p r o b l e m .  T h e  s t r u c t u r e  o n  t h e  s i t e  

w i l l  b e  c l e a n e d  a n d  s e a l e d  w h e r e  a p p l i c a b l e  t o  r e m o v e  a n d  m i t i g a t e  

c o n t a m i n a n t  e x p o s u r e .  P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  o f  t h e  

m o n i t o r i n g  w e l l s  w i l l  p r o v i d e  t h e  r e g u l a t o r y  m o n i t o r i n g  d a t a .  

I n s t i t u t i o n a l  c o n t r o l s  w i l l  b e  i m p l e m e n t e d  t o  r e s t r i c t  a c c e s s  t o  

s u b s u r f a c e  s o i l s  o r  g r o u n d w a t e r .  

I X  -  C i v i l  S i  t e  W o r k ;  T h e  c o n t a m i n a t e d  s u r f a c e  s o i l  w i l l  b e  

r e m o v e d  b y  b u l l d o z e r s  a n d  m o t o r  s c r a p e r s .  T h e  s o i l  w i l l  b e  

s t o c k p i l e d ,  l o a d e d  a n d  t h e n  t r a n s p o r t e d  a s  r e q u i r e d  t o  a  R C R A  
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d i s p o s a l  s i t e .  T h e  c o s t  o f  t h i s  a l t e r n a t i v e  w o u l d  i n c l u d e  

r e p l a c i n g  t h e  r e m o v e d  s o i l  w i t h  c l e a n  b a c k f i l l .  F i n a l  g r a d i n g  o f  

t h e  s i t e  a r e ?  w i l l  b e  p r o v i d e d  w i t h  a  v e g e t a t e d  c o v e r  a n d  g r a d e d  

w i t h  s w a l e s  a n d  s l o p e s  t o  p r o v i d e  s o i l  s t a b i l i t y  a n d  a d e q u a t e  

s u r f a c e  w a t e r  r u n o f f  d r a i n a g e .  

I X  -  S t r u c t u r e  M i t i g a t i o n :  T h e  i n t e r i o r  w a l l s  a n d  s t r u c t u r e  o f  

t h e  b u i l d i n g  w i l l  b e  c l e a n e d  t o  r e m o v e  t h e  c o n t a m i n a n t  o r  s e a l e d  

t o  i m m o b i l i z e  t h e  c o n t a m i n a n t  b y  a  m e t h o d  d e s c r i b e d  i n  2 . 3 . 7 . 1 .  

T h e  s e l e c t i o n  o f  t h e  m e t h o d  w i l l  b e  b a s e d  o n  c o s t  a n d  

e f f e c t i v e n e s s .  T h e  c h r o m i u m  c o n t a m i n a t i o n  i n  t h e  f l o o r ,  

u n d e r l y i n g  s o i l  a n d  t h e  d r a i n  p i p i n g  w i l l  b e  c o n t a i n e d  b y  l a y i n g  

a n  i m p e r m e a b l e  s e a l  o v e r  t h e  e n t i r e  f l o o r .  T o  p r e v e n t  d a m a g e  t o  

t h i s  s e a l  a n d  y e t  a l l o w  l i g h t  i n d u s t r i a l  w o r k ,  a  c o n c r e t e  f l o o r  

w i l l  b e  l a i d  o v e r  t h e  s e a l .  A t  t h e  e n d  o f  i t s  u s e f u l  l i f e  t h e  

s t r u c t u r e  a n d  t h e  u n d e r l y i n g  s o i l  w i l l  h a v e  t o  b e  r e m o v e d  a n d  

d i s p o s e d .  

— = — I n s t i t u t i o n a l  C o n t r o l  s :  I n s t i t u t i o n a l  c o n t r o l s  t o  b e  

i m p l e m e n t e d  w i t h  t h i s  a l t e r n a t i v e  w i l l  i n c l u d e  r e s t r i c t i o n s  o n  

f u t u r e  l a n d  u s e  a n d  r e s t r i c t i o n s  o n  d i s t u r b a n c e  o f  t h e  s o i l  a n d  

u s e  o f  g r o u n d w a t e r .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  w i t h i n  t h e  

g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  h o w e v e r  t h i s  

m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

I X  -  C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  d i v i d e d  

i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  w h i c h  

i n c l u d e s  e x c a v a t i o n ,  o f f - s i t e  h a u l i n g  d i s p o s a l ,  b a c k f i l l ,  g r a d i n g ,  

a n d  d r a i n a g e .  T h e  s e c o n d  i s  t h e  o p e r a t i n g  c o s t  f o r  m o n i t o r i n g  a n d  

i n s p e c t i o n .  T h e  l a t t e r  i s  d i s c o u n t e d  t o  a  p r e s e n t  w o r t h  c o s t  f o r  

c o m p a r i s o n  p u r p o s e s .  T h e  f o l l o w i n g  i s  t h e  c o s t  b a s i s .  
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C a p i t a l  O & M  T o t a l  

C o s t s  P r e s e n t  W o r t h  L C C  

A l t e r n a t i v e  I X  3 6 7  177 544  

( $ 1 0 0 0 )  

A s s u m p t i o n s  i n c l u d e :  

A l l  c o n t a m i n a t e d  s u r f a c e  s o i l  d i s p o s a l  1 4 0  m i .  0  $ . 3 0 / t o n  

m i l e  0  $ 1 9 0 / t o n  

S t r u c t u r e  C l e a n i n g  -  3 0 , 0 0 0  S F  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  0  1 0 %  

I X  -  E v a l u a t i o n :  T h i s  a l t e r n a t i v e  i s  s i m i l a r  t o  I V  i n  t h a t  t h e  

s u r f a c e  f e a t u r e s  o n l y  a r e  a d d r e s s e d .  T h o s e  i n c l u d e  t h e  s u r f a c e  

s o i l  w h i c h  w o u l d  b e  r e m o v e d  a n d  d i s p o s e d  i n  a n  o f f - s i t e  R C R A  

d i s p o s a l  s i . t e .  A l t h o u g h  t h i s  m e t h o d  o f  d i s p o s a l  m a y  b e  e c o n o m i c a l ,  

t h e  r e m o v a l  a n d  o f f - s i t e  d i s p o s a l  o f  c o n t a m i n a n t s  i s  n o t  f a v o r e d  

u n d e r  S A R A .  T h e  b u i l d i n g  w o u l d  b e  c l e a n e d ,  s e a l e d  a n d  e v e n t u a l l y  

r e m o v e d .  L o n g  t e r m  •  p o t e n t i a l  e n v i r o n m e n t a l  a n d  p u b l i c  h e a l t h  

c o n c e r n s  c o u l d  o n l y  b e  l e s s e n e d  t h r o u g h  i m p l e m e n t a t i o n  o f  

i n s t i t u t i o n a l  r e s t r i c t i o n s  o n  a c c e s s  t o  g r o u n d w a t e r  a n d  s u b s u r f a c e  

s o i l .  A d e q u a t e  w a t e r  s u p p l y  i s  a v a i l a b l e  f r o m  t h e  C i t y  o f  

V a n c o u v e r  w a t e r  s y s t e m .  C o s t s  i n c l u d e  c o n s t r u c t i o n  a n d  l o n g  t e r m  

m o n i t o r i n g  o f  t h e  l a n d f i l l .  

A l  t e r n a t i  v e  X :  S u r f a c e  a n d  S u b s u r f a c e  S o i l  R e m o v a l /  

T r e a t / R e p l a c e ;  L e v e l  A  G r o u n d w a t e r  E x t r a c t i o n / T r e a t / R e c h a r g e ;  

S t r u c t u r e  R e m o v a l  

X  -  D e s c r i p t i o n :  T h e  s u r f a c e  s o i l s  g r e a t e r  t h a n  o r  e q u a l  t o  5 5 0  

p p m  t o t a l  C r  a r e  r e m o v e d  a n d  t r e a t e d .  T h i s  a c t i o n  m i t i g a t e s  t h e  

a i r b o r n e  a s  w e l l  a s  t h e  s u r f a c e  s o i l  p r o b l e m .  T h e  s u b s u r f a c e  

s o i l s  g r e a t e r  t h a n  o r  e q u a l  t o  5 5 0 p p m  t o t a l  C r  a r e  r e m o v e d  a n d  
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t r e a t e d  b y  t h e  s a m e  m e t h o d s  a s  t h e  s u r f a c e  s o i l s .  G r o u n d w a t e r  i s  

p u m p e d  f r o m  t h e  L e v e l  A  a q u i f e r  z o n e  a n d  t r e a t e d  t o  r e m o v e  b o t h  

t h e  c h r o m i u m  a n d  o r g a n i c  c o n t a m i n a n t s .  T h e  s t r u c t u r e  o n  t h e  s i t e  

w i l l  b e  c o m p l e t e l y  r e m o v e d  i n c l u d i n g  u n d e r l y i n g  s o i l .  T r e a t e d  

s o i l s  a r e  d i s p o s e d  o f  a t  t h e  s i t e  b y  b a c k f i l l i n g ,  g r a d i n g  a n d  

r e c o m p a c t i o n .  T h e  t r e a t e d  w a t e r  i s  r e i n j e c t e d  i n t o  t h e  a q u i f e r .  

P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  o f  t h e  p u m p e d  g r o u n d w a t e r  a t  t h e  

t r e a t m e n t  f a c i l i t y  a n d  p e r i o d i c  s a m p l i n g  o f  t h e  m o n i t o r i n g  w e l l s  

w i l l  p r o v i d e  t h e  r e g u l a t o r y  m o n i t o r i n g  d a t a .  T h e  f o l l o w i n g  

d e s c r i b e s  t h e  p r o c e s s  a n d  u n i t  o p e r a t i o n s .  

X  ~  C i v i l — S i t e  W o r k :  T h e  c o n t a m i n a t e d  s u r f a c e  s o i l  w i l l  b e  

r e m o v e d  b y  b u l l d o z e r s  a n d  m o t o r  s c r a p e r s  a n d  s t o c k p i l e d  a d j a c e n t  

t o  t h e  s o i l s  t r e a t m e n t  f a c i l i t y .  T h e  s u b s u r f a c e  c o n t a m i n a t e d  s o i l  

w i l l  b e  r e m o v e d  u s i n g  a  d r a g l i n e  f o r  t h e  m a s s  e x c a v a t i o n  a n d  

l o a d e r s  f o r  c l e a n u p .  T h e s e  w i l l  d i s c h a r g e  t o  d u m p  t r u c k s  t h a t  

w i l l  t r a n s f e r  t h e  s o i l s  t o  t h e  s t o c k p i l e  a d j a c e n t  t o  t h e  s o i l s  

t r e a t m e n t  f a c i l i t y .  

T h e  t r e a t e d  s o i l s  w i l l  b e  r e t u r n e d  t o  t h e  e x c a v a t i o n  b y  t r u c k s  a n d  

m o t o r  s c r a p e r s ,  t h e n  g r a d e d  a n d  c o m p a c t e d  i n  l i f t s  s u i t a b l e  f o r  

t h e  s o i l  t y p e .  F i n a l  g r a d i n g  o f  t h e  s i t e  a r e a  w i l l  b e  p r o v i d e d  

w i t h  a  v e g e t a t e d  c o v e r  a n d  g r a d e d  w i t h  s w a l e s  a n d  s l o p e s  t o  

p r o v i d e  s o i l  s t a b i l i t y  a n d  a d e q u a t e  r u n o f f  d r a i n a g e .  

X  -  S o i l s  T r e a t m e n t  F a c i l i t y :  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

m o b i l i z e d  a t  t h e  s i t e  t o  t r e a t  c o n t a m i n a t e d  s o i l s .  T h e  t r e a t m e n t  

p r o c e s s  i s  s o i l  w a s h i n g  w i t h  a c i d s ,  b a s e s  o r  o x i d i z i n g  a g e n t s .  

T h e  t r e a t m e n t  s y s t e m  w i l l  t y p i c a l l y  i n c l u d e  a  s t o c k p i l e  

c o n s t r u c t e d  w i t h  a  s u b l i n e r  t o  p r e v e n t  r a i n w a t e r  l e a c h a t e  f r o m  

m i g r a t i n g  i n t o  t h e  s u r f a c e  s o i l s ,  a  l o a d i n g  h o p p e r ,  a  f e e d  s y s t e m  

t o  c o n v e y  t h e  s o i l  i n t o  t h e  p r o c e s s ,  t h e  p r o c e s s  i t s e l f ,  a n d  a  

d i s c h a r g e  c o n v e y o r  w h i c h  t r a n s f e r s  t h e  t r e a t e d  s o i l s  t o  t h e  

s t o c k p i l e .  T h e r e  a r e  o t h e r  a u x i l i a r y  e q u i p m e n t  r e q u i r e d  f o r  t h e  
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v a r i o u s  p r o c e s s e s  s u c h  a s  r e a g e n t  s t o r a g e  a n d  f e e d  s y s t e m s ,  

c o n c e n t r a t e  s t o r a g e  e q u i p m e n t ,  a n d  b a c k w a s h  a n d / o r  r e g e n e r a t i o n  

e q u i p m e n t .  A  l o a d e r  i s  a l s o  r e q u i r e d  t o  f e e d  s o i l  f r o m  t h e  

s t o c k p i l e  t o  t h e  f e e d  h o p p e r .  

*  '  W e l l s :  M u l t i p l e  e j e c t o r  w e l l s  w i l l  b e  s u n k  i n t o  t h e  

c o n t a m i n a t i o n  p l u m e  o f  t h e  L e v e l  A  a q u i f e r  z o n e  a s  d e s c r i b e d  i n  

s e c t i o n  3 . 1 . 1 . 5 .  E a c h  w e l l  w i l l  b e  c o m p l e t e  w i t h  a  p u m p  a n d  t h e  

o u t l e t  w i l l  b e  c o n n e c t e d  t h r o u g h  c h e c k  v a l v e s  t o  a  c o m m o n  h e a d e r  

w h i c h  w i l l  d i r e c t  t h e  w a t e r  b y  p i p e l i n e  t o  t h e  s t o r a g e  b a s i n  o f  

t h e  t r e a t m e n t  f a c i l i t y .  T h e r e  w i l l  a l s o  b e  m u l t i p l e  i n j e c t i o n  

w e l l s  d r i l l e d  u p  g r a d i e n t  f r o m  t h e  p l u m e  i n  w h i c h  w a t e r  f r o m  t h e  

t r e a t m e n t  f a c i l i t y  w i l l  b e  r e i n j e c t e d .  T h e  p i p e l i n e s  f r o m  t h e  

e j e c t o r  w e l l s  t o  t h e  t r e a t m e n t  f a c i l i t y  a n d  f r o m  t h e  f a c i l i t y  t o  

t h e  r e i n j e c t e d  w e l l s  w i l l  b e  b u r i e d  i n  a  s u b s u r f a c e  t r e n c h  t o  

a v o i d  f r e e z i n g  i n  w i n t e r .  

X  -  W a t e r  T r e a t m e n t .  F a c i l i t y :  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

c o n s t r u c t e d  o n - s i t e  t o  t r e a t  t h e  w a t e r .  I t  w i l l  i n c l u d e  a  s t o r a g e  

s u m p ,  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p ,  a i r  

s t r i p p i n g  a n d  i o n  e x c h a n g e ,  a n  e f f l u e n t  s u m p ,  a n d  c e n t r i f u g a l  

p u m p s -  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p  a n d  f e e d i n g  t h e  

i n j e c t i o n  w e l l s .  

X  -  S t r u c t u r e  M i t i g a t i o n :  U n d e r  t h i s  a l t e r n a t i v e  t h e  b u i l d i n g  

s t r u c t u r e  w i l l  b e  d e m o l i s h e d  a n d  a p p r o p r i a t e l y  d i s p o s e d .  

U n c o n t a m i n a t e d  c o m p o n e n t s  o f  t h e  b u i l d i n g  w o u l d  b e  f i r s t  r e m o v e d  

f o l l o w e d  b y  c o n t r o l l e d  d e m o l i t i o n  o f  t h e  r e m a i n i n g  p a r t s  i n c l u d i n g  

t h e  b u i l d i n g  s l a b .  C o n t a m i n a t e d  c o m p o n e n t s  w i l l  b e  r e m o v e d  t o  a  

R C R A  d i s p o s a l  s i t e  o r  a  l i n e d  l a n d f i l l  w i t h  l e a c h a t e  c o l l e c t i o n  

p e r  1 7 3 - 3 0 4  W A C .  U n d e r l y i n g  s o i l  w o u l d  b e  t r e a t e d  a s  o t h e r  

s u r f a c e  s o i l .  
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£ — : — I n s t i t u t i o n a l  C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  t o  b e  

i m p l e m e n t e d  w i t h  t h i s  a l t e r n a t i v e  i n v o l v e  r e s t r i c t i o n s  t o  s i t e  

a c c e s s  d u r i n g  r e m e d i a t i o n .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  

w i t h i n  t h e  g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  

h o w e v e r  t h i s  m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  

x  -  C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  d i v i d e d  

i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  w h i c h  

i n c l u d e s  e x c a v a t i o n ,  s o i l  t r e a t m e n t ,  b a c k f i l l ,  g r a d i n g ,  d r a i n a g e ,  

w e l l  s i n k i n g ,  w a t e r  t r e a t m e n t  f a c i l i t y  e q u i p m e n t  a n d  e q u i p m e n t  

i n s t a l l a t i o n .  T h e  s e c o n d  i s  t h e  o p e r a t i n g  c o s t  f o r  t h e  s o i l  a n d  

w a t e r  t r e a t m e n t  f a c i l i t i e s  a n d  i n c u d e s  e n e r g y ,  m a i n t e n a n c e  l a b o r  

a n d  m a t e r i a l s ,  m o n i t o r i n g ,  a n d  i n s p e c t i o n .  T h e  l a t t e r  i s  

d i s c o u n t e d  t o  a  p r e s e n t  w o r t h  c o s t  f o r  c o m p a r i s o n  p u r p o s e s .  T h e  

f o l l o w i n g  i s  t h e  c o s t  b a s i s .  

C a p i t a l  O & M  T o t a l  

C o s t s  P r e s e n t  W o r t h  L C C  

A l t e r n a t i v e  X  1 0 , 0 9 7  1 3 , 4 8 7  2 3 , 5 8 4  

($1000) 

A s s u m p t i o n s  i n c l u d e :  

T r e a t e d  S u r f a c e  S o i l  -  6 0 0  C Y  

T r e a t e d  S u b s u r f a c e  S o i l  -  6 , 5 0 0  C Y  

G r o u n d w a t e r  ( 1 5  w e l l s )  -  1 , 0 0 0  G P M  

S t r u c t u r e  R e m o v a l  -  7 , 5 0 0  S F  - 7 5 %  c o n t a m i n a t e d ,  2 5 %  

c l e a n  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  0  1 0 %  

X  -  E v a l u a t i o n :  T h i s  a l t e r n a t i v e  a d d r e s s e s  a l l  m a j o r  c o n t a m i n a n t  

s o u r c e s  i n c l u d i n g  s u r f a c e  a n d  s u b s u r f a c e  s o i l s ,  t h e  b u i l d i n g  a n d  
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g r o u n d w a t e r .  T h i s  a l t e r n a t i v e  i n c l u d e s  p l a c e m e n t  o f  t h e  t r e a t e d  

s o i l  b a c k  i n t o  t h e  e x c a v a t i o n ,  t h e r e b y  p o s s i b l y  m a k i n g  t h e  

c h r o m i u m  r e m a i n i n g  a v a i l a b l e  f o r  l e a c h i n g .  T h e  s u b s u r f a c e  s o i l  

t r e a t m e n t  c o s t s  r e f l e c t  t e c h n o l o g i c a l  d i f f i c u l t i e s  i n  s e p a r a t i o n  

o f  t h e  c h r o m i u m  f r o m  a  c l a y  b a c k g r o u n d  m a t e r i a l .  T h e  s o i l  

t r e a t m e n t  p r o c e s s  c o n s i s t s  o f  o x i d a t i o n  o f  C r + 3  t o  C r + 6  i n  a  s o i l  

s l u r r y  f o l l o w e d  b y  s o i l  s e p a r a t i o n .  S e p a r a t i o n  o f  c l a y  s o i l s  i s  

m o r e  d i f f i c u l t  a n d  e x p e n s i v e  t h a n  f o r  g r a n u l a r  s o i l s .  P i l o t  

t e s t i n g  w o u l d  b e  r e q u i r e d  t o  d e t e r m i n e  t h e  m o s t  e f f e c t i v e  d e s i g n .  

T h e  w a t e r  t r e a t m e n t  l e v e l  w o u l d  b e  t o  d r i n k i n g  w a t e r  s t a n d a r d s  f o r  

r e i n j e c t i o n .  A n  a d e q u a t e  w a t e r  s u p p l y  i s  a v a i l a b l e  f r o m  t h e  C i t y  

o f  V a n c o u v e r  w a t e r  s u p p l y  s y s t e m .  

A l t e r n a t i v e  X I ;  S u r f a c e  a n d  S u b s u r f a c e  S o i l  R e m o v a l /  

T r e a t / R e p l a c e ;  G r o u n d w a t e r  E x t r a c t i o n / T r e a t / D i s c h a r g e ;  S t r u c t u r e  

R e m o v a l  

X I  -  D e s c r i p t i o n :  T h e  s u r f a c e  s o i l  g r e a t e r  t h a n  o r  e q u a l  t o  5 5 0  

P P m  t o t a l  C r  i s  r e m o v e d  a n d  t r e a t e d .  T h i s  a c t i o n  m i t i g a t e s  t h e  

a i r b o r n e  a s  w e l l  a s  t h e  s u r f a c e  s o i l  p r o b l e m .  S u b s u r f a c e  s o i l s  

g r e a t e r  t h a n  o r  e q u a l  t o  5 5 0  p p m  t o t a l  C r  a r e  r e m o v e d  a n d  t r e a t e d  

b y  t h e  s a m e  m e t h o d s  a s  t h e  s u r f a c e  s o i l s .  C o n t a m i n a t e d  

g r o u n d w a t e r  e x c e e d i n g  t h e  M C L  i s  p u m p e d  f r o m  t h e  a q u i f e r  a n d  

t r e a t e d  t o  r e m o v e  t h e  c h r o m i u m  c o n t a m i n a n t s .  T h e  s t r u c t u r e  o n  t h e  

s i t e  w i l l  b e  c o m p l e t e l y  r e m o v e d  i n c l u d i n g  u n d e r l y i n g  s o i l .  

T r e a t e d  s o i l s  a r e  d i s p o s e d  o f  a t  t h e  s i t e  b y  b a c k f i l l i n g ,  g r a d i n g  

a n d  r e c o m p a c t i o n .  T h e  t r e a t e d  w a t e r  w i l l  b e  d i s p o s e d  o f f - s i t e  t o  

t h e  C o l u m b i a  R i v e r .  T h e  t r e a t e d  w a t e r  w i l l  m e e t  t h e  A m b i e n t  W a t e r  

Q u a l i t y  S t a n d a r d s  f o r  F r e s h  W a t e r  A q u a t i c  O r g a n i s m s .  T h e  c h r o n i c  

t o x i c i t y  f o r  c h r o m e  i s  0 . 0 1 1  m g / 1 .  P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  

o f  t h e  p u m p e d  g r o u n d w a t e r  a t  t h e  t r e a t m e n t  f a c i l i t y  a n d  p e r i o d i c  

s a m p l i n g  o f  t h e  m o n i t o r i n g  w e l l s  w i l l  p r o v i d e  t h e  r e g u l a t o r y  

m o n i t o r i n g  d a t a .  T h e  f o l l o w i n g  d e s c r i b e s  t h e  p r o c e s s  a n d  u n i t  

o p e r a t i o n s .  
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X I  -  C i v i l  S i t e  W o r k :  T h e  c o n t a m i n a t e d  s u r f a c e  s o i l  w i l l  b e  

r e m o v e d  b y  b u l l d o z e r s  a n d  m o t o r  s c r a p e r s ,  a n d  s t o c k p i l e d  a d j a c e n t  

t o  t h e  s o i l s  t r e a t m e n t  f a c i l i t y .  T h e  s u b s u r f a c e  c o n t a m i n a t e d  s o i l  

w i l l  b e  r e m o v e d  u s i n g  a  d r a g l i n e  f o r  t h e  m a s s  e x c a v a t i o n  a n d  

l o a d e r s  f o r  c l e a n u p .  T h e s e  w i l l  d i s c h a r g e  t o  d u m p  t r u c k s  t h a t  

w i l l  t r a n s f e r  t h e  s o i l s  t o  t h e  s t o c k p i l e  a d j a c e n t  t o  t h e  s o i l s  

t r e a t m e n t  f a c i l i t y .  S u b s u r f a c e  s o i l s  i n  c o n t a c t  w i t h  t h e  a q u i f e r  

w i l l  b e  k e p t  i n  a  s e p a r a t e  p i l e  f o r  s u b s e q u e n t  t r e a t m e n t  f o r  

o r g a n i c  r e m o v a l .  

T h e  t r e a t e d  s o i l s  w i l l  b e  r e t u r n e d  t o  t h e  e x c a v a t i o n  b y  t r u c k s  a n d  

m o t o r  s c r a p e r s ,  t h e n  g r a d e d  a n d  c o m p a c t e d  i n  l i f t s  s u i t a b l e  f o r  

t h e  s o i l  t y p e .  F i n a l  g r a d i n g  o f  t h e  s i t e  a r e a  w i l l  b e  p r o v i d e d  

w i t h  a  v e g e t a t i o n  c o v e r ,  a n d  g r a d e d  w i t h  s w a l e s  a n d  s l o p e s  t o  

p r o v i d e  s o i l  s t a b i l i t y  a n d  a d e q u a t e  r u n o f f  d r a i n a g e .  

X I  -  S o i l s  T r e a t m e n t  F a c i l i t y ;  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

m o b i l i z e d  a t  t h e  s i t e  t o  t r e a t  c o n t a m i n a t e d  s o i l s .  T h e  t r e a t m e n t  

p r o c e s s  i n c l u d e s  s o i l  w a s h i n g  w i t h  a c i d ,  b a s e s  o r  o x i d i z i n g  

a g e n t s .  T h e  t r e a t m e n t  p r o c e s s  w i l l  t y p i c a l l y  c o n s i s t  o f : -  a  

s t o c k p i l e  c o n s t r u c t e d  w i t h  a  s u b l i n e r  t o  p r e v e n t  r a i n w a t e r  

l e a c h a t e  f r o m  m i g r a t i n g  i n t o  t h e  s u r f a c e  s o i l s ;  a  l o a d i n g  h o p p e r ;  

a  f e e d  s y s t e m  t o  c o n v e y  t h e  s o i l  i n t o  t h e  p r o c e s s ;  t h e  p r o c e s s  

i t s e l f ;  a n d  a  d i s c h a r g e  c o n v e y o r  w h i c h  t r a n s f e r s  t h e  t r e a t e d  s o i l s  

t o  t h e  s t o c k p i l e .  T h e r e  a r e  o t h e r  a u x i l i a r y  e q u i p m e n t  r e q u i r e d  

f o r  t h e  v a r i o u s  p r o c e s s e s  s u c h  a s  r e a g e n t  s t o r a g e  a n d  f e e d  

s y s t e m s ,  c o n c e n t r a t e  s t o r a g e  e q u i p m e n t ,  a n d  b a c k w a s h  a n d / o r  

r e g e n e r a t i o n  e q u i p m e n t .  A  l o a d e r  i s  a l s o  r e q u i r e d  t o  f e e d  s o i l  

f r o m  t h e  s t o c k p i l e  t o  t h e  f e e d  h o p p e r .  

X I  '  W e l l s :  M u l t i p l e  e j e c t o r  w e l l s  w i l l  b e  s u n k  i n t o  t h e  

c o n t a m i n a t i o n  p l u m e  o f  t h e  L e v e l  A  a q u i f e r  z o n e ,  a s  d e s c r i b e d  i n  

s e c t i o n  3 . 1 . 1 . 5 .  E a c h  w e l l  w i l l  b e  c o m p l e t e  w i t h  a  p u m p  a n d  t h e  
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o u t l e t  w i l l  b e  c o n n e c t e d  t h r o u g h  c h e c k  v a l v e s  t o  a  c o m m o n  h e a d e r  

w h i c h  w i l l  d i r e c t  t h e  w a t e r  b y  p i p e l i n e  t o  t h e  s t o r a g e  b a s i n  o f  

t h e  t r e a t m e n t  f a c i l i t y .  T h e  p i p e l i n e s  f r o m  t h e  e j e c t o r  w e l l s  t o  

t h e  t r e a t m e n t  f a c i l i t y  w i l l  b e  b u r i e d  i n  a  s u b s u r f a c e  t r e n c h  t o  

a v o i d  f r e e z i n g  i n  w i n t e r .  

X I  -  W a t e r  T r e a t m e n t  F a c i l i t y :  A  t r e a t m e n t  f a c i l i t y  w i l l  b e  

c o n s t r u c t e d  o n - s i t e  t o  t r e a t  t h e  w a t e r .  I t  w i l l  i n c l u d e  a  s t o r a g e  

s u m p ,  c e n t r i f u g a l  p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p ,  a i r  

s t r i p p i n g  a n d  i o n  e x c h a n g e ,  a n  e f f l u e n t  s u m p ,  a n d  c e n t r i f u g a l  

p u m p s  f o r  r e m o v i n g  t h e  w a t e r  f r o m  t h e  s u m p  a n d  f e e d i n g  t o  t h e  

d i s p o s a l  l i n e s .  

X I  -  W a t e r  D i s p o s a l :  T h e  t r e a t e d  w a t e r  w i l l  b e  d i s c h a r g e d  t o  t h e  

C o l u m b i a  R i v e r  w i t h i n  N P D E S  r e s t r i c t i o n s .  T h e  d i s c h a r g e d  w a t e r  

w i l l  m e e t  t h e  c h r o n i c  r e q u i r e m e n t s  f o r  c h r o m i u m  a s  s t a t e d  i n  t h e  

A m b i e n t  W a t e r  Q u a l i t y  S t a n d a r d s  f o r  F r e s h  W a t e r  A q u a t i c  O r g a n i s m s .  

W a t e r  d i s c h a r g e  q u a n t i t i e s  p r o b a b l y  p r e c l u d e  t h e  o p t i o n  o f  u s i n g  

C i t y  o f  V a n c o u v e r  f a c i l i t i e s  b a s e d  o n  p l a n t  c a p a c i t i e s .  

XI— : — S t r u c t u r e  M i t i g a t i o n :  U n d e r  t h i s  a l t e r n a t i v e  t h e  b u i l d i n g  

s t r u c t u r e  w i l l  b e  d e m o l i s h e d  a n d  r e m o v e d  f r o m  t h e  s i t e .  

U n c o n t a m i n a t e d  c o m p o n e n t s  o f  t h e  b u i l d i n g  w o u l d  b e  f i r s t  r e m o v e d  

f o l l o w e d  b y  c o n t r o l l e d  d e m o l i t i o n  o f  t h e  r e m a i n i n g  p a r t s  i n c l u d i n g  

t h e  b u i l d i n g  s l a b .  C o n t a m i n a t e d  c o m p o n e n t s  w i l l  b e  r e m o v e d  t o  a  

R C R A  d i s p o s a l  s i t e  o r  a  l i n e d  l a n d f i l l  w i t h  l e a c h a t e  c o l l e c t i o n  

p e r  1 7 3 - 3 0 4  W A C .  U n d e r l y i n g  s o i l  w o u l d  b e  t r e a t e d  a s  o t h e r  

s u r f a c e  s o i l .  

XI— : — I n s t i t u t i o n a l  C o n t r o l s :  I n s t i t u t i o n a l  c o n t r o l s  t o  b e  

i m p l e m e n t e d  w i t h  t h i s  a l t e r n a t i v e  i n v o l v e  r e s t r i c t i o n s  o n  s i t e  

a c c e s s  d u r i n g  r e m e d i a t i o n .  R e s t r i c t i o n  o f  w e l l  i n s t a l l a t i o n  

w i t h i n  t h e  g r o u n d w a t e r  c o n t a m i n a t i o n  p l u m e  w o u l d  b e  r e q u i r e d ,  

h o w e v e r  t h i s  m a y  b e  d i f f i c u l t  t o  i m p l e m e n t .  
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X I  -  C o s t :  T h e  c o s t s  a s s o c i a t e d  w i t h  t h i s  a l t e r n a t i v e  a r e  d i v i d e d  

i n t o  t w o  c a t e g o r i e s .  F i r s t  i s  t h e  i m m e d i a t e  c a p i t a l  c o s t  w h i c h  

i n c l u d e s  e x c a v a t i o n ,  s o i l  t r e a t m e n t ,  b a c k f i l l ,  g r a d i n g ,  d r a i n a g e ,  

w e l l  s i n k i n g ,  w a t e r  t r e a t m e n t  f a c i l i t y  e q u i p m e n t  a n d  e q u i p m e n t  

i n s t a l l a t i o n .  T h e  s e c o n d  i s  t h e  o p e r a t i n g  c o s t  f o r  t h e  s o i l  a n d  

w a t e r  t r e a t m e n t  f a c i l i t i e s  a n d  i n c l u d e s  e n e r g y ,  m a i n t e n a n c e  l a b o r  

a n d  m a t e r i a l s ,  m o n i t o r i n g  a n d  i n s p e c t i o n .  T h e  l a t t e r  i s  

d i s c o u n t e d  t o  a  p r e s e n t  w o r t h  c o s t  f o r  c o m p a r i s o n  p u r p o s e s .  T h e  

f o l l o w i n g  i s  t h e  c o s t  b a s i s .  

C a p i t a l  O & M  T o t a l  

C o s t s  P r e s e n t  W o r t h  L C C  

A l t e r n a t i v e  X I  1 0 , 4 4 0  1 5 , 7 1 0  2 6 , 1 5 0  

( $ 1 0 0 0 )  

A s s u m p t i o n s  i n c l u d e :  

i 

T r e a t e d  S u r f a c e  S o i l  -  6 0 0  C Y  

T r e a t e d  S u b s u r f a c e  s o i l  -  6 , 5 0 0  C Y  

G r o u n d w a t e r  ( 1 5  w e l l s )  -  1 , 0 0 0  G P M  

S t r u c t u r e  R e m o v a l  -  7 , 5 0 0  S F  - 7 5 %  c o n t a m i n a t e d ,  2 5 %  c l e a n  

P r e s e n t  W o r t h  C o s t i n g  -  1 5  y r s .  @  1 0 %  

X I — ; — £ v a l u a t i o n :  T h i s  a l t e r n a t i v e  a d d r e s s e s  m a j o r  c o n t a m i n a n t  

s o u r c e s  i n c l u d i n g  s u r f a c e  a n d  s u b s u r f a c e  s o i l s ,  t h e  b u i l d i n g  a n d  

L e v e l  A  g r o u n d w a t e r .  T h i s  a l t e r n a t i v e  i n c l u d e s  p l a c e m e n t  o f  t h e  

t r e a t e d  s o i l  b a c k  i n t o  t h e  e x c a v a t i o n .  T h e  s u b s u r f a c e  s o i l  

t r e a t m e n t  c o s t s  r e f l e c t  t e c h n o l o g i c a l  d i f f i c u l t i e s  i n  s e p a r a t i o n  

o f  t h e  c h r o m i u m  f r o m  a  c l a y  b a c k g r o u n d  m a t e r i a l .  R e m o v a l  o f  

c o n t a m i n a n t s  f r o m  t h e  L e v e l  A  p l u m e  b e y o n d  t h e  s o i l  r e m o v a l  a r e a  

i s  e s t i m a t e d  t o  r e q u i r e  a p p r o x i m a t e l y  1 5  y e a r s  o r  m o r e .  T h i s  

a l t e r n a t i v e  i s  e x p e c t e d  t o  m e e t  t h e  C r  M C L  o f  . 0 5  m g / 1  i n  t h e  
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L e v e l  A  z o n e  i n  a p p r o x i m a t e l y  1 5  y e a r s .  W a t e r  s u p p l y  i s  a v a i l a b l e  

f r o m  t h e  C i t y  o f  V a n c o u v e r  w a t e r  s y s t e m .  C o s t s  f o r  w a t e r  d i s p o s a l  

c o n s i d e r s  p u m p i n g  t o  t h e  C o l u m b i a  R i v e r  w h i c h  w i l l  r e q u i r e  

c h r o m i u m  r e d u c t i o n  t o  0 . 0 1  m g / 1 .  

A 1  t e r n a t i v e — X I I :  S u r f a c e  a n d  S u b s u r f a c e  S o i l  R e m o v a l /  

T r e a t / R e p l a c e ;  T o t a l  R e s t o r a t i o n  o f  A q u i f e r  ( L e v e l  A  a n d  B  

Aquifers); Structure Removal 

X I I  -  D e s c r i p t i o n :  S u r f a c e  s o i l  g r e a t e r  t h a n  o r  e q u a l  t o  5 5 0  p p m  

t o t a l  C r  i s  r e m o v e d  a n d  t r e a t e d .  T h i s  a c t i o n  m i t i g a t e s  t h e  

a i r b o r n e  a s  w e l l  a s  t h e  s u r f a c e  s o i l  p r o b l e m .  S u b s u r f a c e  s o i l s  

g r e a t e r  t h a n  o r  e q u a l  t o  5 5 0  p p m  t o t a l  C r  a r e  r e m o v e d  a n d  t r e a t e d  

b y  t h e  s a m e  m e t h o d s  a s  t h e  s u r f a c e  s o i l s .  C o n t a m i n a t e d  

g r o u n d w a t e r  e x c e e d i n g  t h e  M C L  i s  p u m p e d  f r o m  b o t h  t h e  L e v e l  A  a n d  

L e v e l  B  a q u i f e r  z o n e s  a n d  t r e a t e d .  T h e  t r e a t e d  w a t e r  i s  d i s p o s e d  

o f  i n  t h e  C o l u m b i a  R i v e r .  D i s c h a r g e d  w a t e r  w i l l  b e  t r e a t e d  t o  

m e e t  t h e  c h r o n i c  r e q u i r e m e n t s  f o r  c h r o m i u m  o f  0 . 0 1 1  m g / 1  a s  s t a t e d  

i n  t h e  A m b i e n t  W a t e r  Q u a l i t y  S t a n d a r d s  f o r  F r e s h  W a t e r  A q u a t i c  

O r g a n i s m s .  P e r i o d i c  s a m p l i n g  a n d  t e s t i n g  o f  t h e  p u m p e d  

g r o u n d w a t e r  a t  t h e  t r e a t m e n t  f a c i l i t y  a n d  p e r i o d i c  s a m p l i n g  o f  t h e  

m o n i t o r i n g  w e l l s  w i l l  p r o v i d e  t h e  r e g u l a t o r y  m o n i t o r i n g  d a t a .  T h e  

f o l l o w i n g  d e s c r i b e s  t h e  p r o c e s s  a n d  u n i t  o p e r a t i o n s .  

T h e  s t r u c t u r e  o n  t h e  s i t e  w i l l  b e  c o m p l e t e l y  r e m o v e d  i n c l u d i n g  

u n d e r l y i n g  s o i l .  T r e a t e d  s o i l s  a r e  d i s p o s e d  o f  a t  t h e  s i t e  b y  

b a c k f i l l i n g ,  g r a d i n g  a n d  r e c o m p a c t i o n .  

XII— : — C i v i l — S i t e  W o r k :  T h e  c o n t a m i n a t e d  s u r f a c e  s o i l  w i l l  b e  

r e m o v e d  b y  b u l l d o z e r s  a n d  m o t o r  s c r a p e r s ,  a n d  s t o c k p i l e d  a d j a c e n t  

t o  t h e  s o i l s  t r e a t m e n t  f a c i l i t y .  T h e  s u b s u r f a c e  c o n t a m i n a t e d  s o i l  

w i l l  b e  r e m o v e d  u s i n g  a  d r a g l i n e  f o r  t h e  m a s s  e x c a v a t i o n  a n d  

l o a d e r s  f o r  c l e a n u p .  T h e s e  w i l l  d i s c h a r g e  t o  d u m p  t r u c k s  t h a t  

w i l l  t r a n s f e r  t h e  s o i l s  t o  t h e  s t o c k p i l e  a d j a c e n t  t o  t h e  s o i l s  
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t reatment faci l i ty.  Subsurface soi ls in contact with the aquifer 

wi l l  be kept in a separate pi le for subsequent t reatment for 

organic removal.  

The t reated soi ls wi l l  be returned to the excavat ion by trucks and 

motor scrapers, then graded and compacted in l i f ts suitable for 

the soi l  type. Final grading of the si te area wi l l  be provided 

with a vegetated cover and graded with swales and slopes to 

provide soi l  stabi l i ty and adequate runoff  drainage. 

XII  -  Soi ls Treatment Faci l i ty:  A t reatment faci l i ty wi l l  be 

mobi l ized at the si te to treat contaminated soi ls.  The treatment 

process includes soi l  wash with acids, bases or oxidizing agents. 

The treatment process wi l l  typical ly be comprised of a stockpi le 

constructed with a subl iner to prevent rainwater leachate from 

migrat ing into the surface soi ls,  a loading hopper, a feed system 

to convey the soi l  into the process, the process i tsel f ,  and a 

discharge conveyor which transfers the treated soi ls to the 

stockpi le.  There are other auxi l iary equipment required for the 

var ious processes such as reagent storage and feed systems, 

concentrate storage equipment,  and backwash and/or regenerat ion 

equipment.  A loader is also required to feed soi l  from the 

stockpi le to the feed hopper. 

An al ternat ive to this method of soi l  t reatment is stabi l izat ion 

of the contaminant in the soi l .  This technology involves 

excavat ion of soi ls,  screening, mixing with the f ixat ion agent in 

a pug mi l l ,  and replacement on s i te.  

XU - Wel ls:  Mult iple ejector wel ls wi l l  be sunk into the 

contaminat ion plume of the Level A zone and into the deeper Level 

B zone of the aquifer.  Wel l  f ie ld placement and pumping rates 

are described in sect ion 3.1.1.5. Each wel l  wi l l  be complete with 

a pump and the out let  wi l l  be connected through check valves to a 
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common header which wi l l  direct the water by pipel ine to the 

storage basin of the treatment faci l i ty.  The pipel ines from the 

ejector wel ls to the treatment faci l i ty and from the faci l i ty to 

the discharge l ines wi l l  be buried in a subsurface trench to avoid 

freezing in winter.  

XII  -  Water Treatment Faci l i ty.  A t reatment faci l i ty wi l l  be 

constructed on-si te to treat the water.  I t  wi l l  include a storage 

sump, centr i fugal pumps for removing the water from the sump, a ir  

str ipping and ion exchange, an ef f luent sump, and centr i fugal 

pumps for removing the water from the sump and feeding the 

discharge l ines. 

£11—:—Structure Mit igat ion: Under this al ternat ive the bui lding 

structure wi l l  be demolished and removed from the si te.  

Uncontaminated components of  the bui lding would be f i rst  removed, 

fol lowed by control led contaminant demoli t ion of the remaining 

parts including the bui lding slab. Contaminated components wi l l  

be removed to a RCRA disposal s i te.  Underlying soi l  would be 

t reated as other surface soi l .  

—:—Inst i tut ional Controls:  Inst i tut ional controls would be 

required to prohibi t  wel l  instal lat ion within the groundwater 

contaminat ion plume unt i l  groundwater remediat ion is complete. 

XII  -  Cost:  The costs associated with this al ternat ive are 

divided into two categories. First  is the immediate capital  cost 

which includes excavat ion, soi l  t reatment,  backf i l l ,  grading, 

d r a i n a g e ,  w e l l  i n s t a l l a t i o n ,  a n d  w a t e r  t r e a t m e n t  f a c i l i t y  

equipment instal lat ion. The second is the operat ing cost for the 

soi l  and water treatment faci l i t ies and incudes energy, 

maintenance labor and mater ials,  monitor ing and inspect ion. The 
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latter is discounted to a present worth cost for comparison 

purposes. A 15-year period was used as this alternative assumes 

remediation within that t ime period. 

Capital O&M Total 

Costs Present Worth LCC 

Alternative XII 18,818 79,054 97,872 
($1000)  

Assumptions include: 

Treated Surface Soil - 500 CY 

Treated Subsurface Soil - 6,500 CY 

Groundwater - 13,000 GPM (21 wells; including Level A and 
B Zones) 

Structure Removal - 7,500 SF -75% contaminated, 25% clean 

Present Worth Costing - 15 yrs. 9 10% 

XI1 • '—Evaluation: This alternative addresses al l  major 

contaminant sources and contains required standards for 

environmental and health needs. Groundwater mitigation would 

include total aquifer restoration within a 15-year mitigation 

period. This aspect of the alternative results in a very high 

cost due to the extensive nature of the total aquifer treatment. 

Institutional controls would st i l l  be required for land use over 

the landfi l l  or stabil ized zone fol lowing the remediation effort. 

As in Alternatives X and XI, subsurface soil treatment costs are 

high because of technical considerations. Because the water 

volumes would be high, disposal would be to the Columbia River 

with treatment to 0.01 mg/1 chromium. Interim water supply is 

available from the Vancouver water system. Even with extensive 

soil removal and treatment, and extensive groundwater withdrawal, 

i t  is not assured that the renovation wil l  be entirely successful, 
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due to groundwater and aquifer variabil i ty. Further, the added 

degree of protection of public health and the environment over 

Level A only clean up to the MCL is judged to be small in 

comparison to projected costs. There are no current groundwater 

users within the Level B contaminant plume geometry. I t  is 

assumed that any shallow groundwater wells which are inadvertently 

placed within the plume area, despite institutional controls, 

would primarily uti l ize the Level A aquifer. I t  is estimated, 

based on a l inear groundwater velocity of 0.63 ft/day in Level A 

and 2.25 ft/day in Level B, as reported in the RI, that one ful l  

volume of groundwater within the 0.05 mg/1 contours in Levels A 

and B would f lush naturally in 3970 days (11 years) and 667 days 

(2 years), respectively. This indicates that a natural f lushing 

equivalent to that achieved in the Level A and B pumping scenarios 

would occur in approximately 325 and 175 years respectively. 

Alternat ive XII I :  Surface and Subsurface Soi l  Removal and 

Disposal;  Groundwater Extract ion/Treatment/Recharge; Structure 

Removal i  

XIII - Description: Surface soil greater than or equal to 550 ppm 

total Cr is removed and disposed either to an on-site regulated 

landfi l l  or off-site to a RCRA disposal site depending on test 

results. This action mitigates the airborne as well as the 

surface soil problem. Subsurface soils greater than or equal to 

550 ppm total Cr are extracted and also disposed in a manner 

similar to the surface soil. Groundwater is pumped from the Level 

A aquifer zone and treated to remove the chromium contaminants. 

The structure on the site wil l  be completely removed, including 

underlying soil. New clean soils wil l  be brought to the site to 

f i l l  the excavated voids. The treated water is reinjected into 

the aquifer. Periodic sampling and testing of the pumped 
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groundwater at the treatment facil i ty and periodic sampling of the 

monitoring wells wil l  provide the regulatory monitoring data. The 

fol lowing describes the process and unit operations. 

XIII - Civi l Site Work: The contaminated surface soil wil l  be 

removed by bulldozers and motor scrapers. The soil wil l  be 

stockpiled for testing to determine disposal priority. Soil 

classif ied as hazardous under Chapter 173-303 WAC wil l  be 

transported as required to a RCRA disposal site. The remaining 

non-hazardous material wil l  be placed in an on-site landfi l l ,  

constructed to minimum functional standards. The cost of on-site 

landfi l l ing is feasible with more than 1600 CY of material (Figure 

3.2). The cost of this alternative would include replacing the 

removed soil with clean backfi l l ,  a landfi l l  cap, and monitoring 

of the groundwater and on-site landfi l l .  Final grading of the 

site area wil l  be provided with a vegetation cover and graded with 

swales and slopes to provide soil stabil i ty and adequate surface 

water runoff drainage. 

To f i l l  the excavated voids, clean soils from off-site wil l  be 

brought by trucks then graded and compacted in l i f ts suitable for 

the soil type. Final grading of the site area wil l  be provided 

with a vegetated cover and graded with swales and slopes to 

provide soil stabil i ty and adequate runoff drainage. 

XIII - Wells: Multiple ejector wells wil l  be installed in the 

contamination plume of the Level A aquifer zone as described in 

section 3.1.1.5. Each well wil l  be complete with a pump and the 

outlet wil l  be connected through check valves to a common header 

which wil l  direct the water by pipeline to the storage basin of 

the treatment facil i ty. There wil l  also be multiple injection 

wells dri l led up gradient from the plume in which water from the 

treatment facil i ty wil l  be reinjected into the Level B aquifer. 
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The pipelines from the ejector wells to the treatment facil i ty and 

from the facil i ty to the reinjected wells wil l  be buried in a 

subsurface trench to avoid freezing in winter. 

XIII - Water Treatment Facil i ty: A treatment facil i ty wil l  be 

constructed on-site to treat the water. I t  wil l  basically consist 

of a storage sump, centrifugal pumps for removing the water from 

the sump, a treatment process selected from those described in 

2.3.6.5 based on costs and effectiveness, an eff luent sump, and 

centrifugal pumps for removing the water from the sump and feeding 

the injection wells. 

XIII - Structure M i t i g a t i o n -  Under this alternative the building 

structure wil l  be demolished and removed from the site. 

Uncontaminated components of the building would be f irst removed 

fol lowed by controlled demolit ion of the remaining parts including 

the building slab. Contaminated components wil l  be removed to a 

RCRA disposal site. Underlying soil would be treated as other 
surface soil. 

XIII - Institutional Controls: Institutional controls to be 

implemented with this alternative involve restrictions on well 

installation within the groundwater contamination plume and land 
use. 

XIII - Cost: The costs associated with this alternative are 

divided into two categories. First is the immediate capital cost 

which includes excavation, disposal, replacement-backfi11, 

grading, drainage, well sinking, water treatment facil i ty 

equipment and equipment installation. The second is the operating 

cost for the soil and water treatment facil i t ies and incudes 

energy, maintenance labor and materials, monitoring and 

inspection. The latter is discounted to a present worth cost for 

comparison purposes. The fol lowing is the cost basis. 
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Capital 

Costs 
O&M Total 

Present Worth LCC 

Alternative XIII 6,433 10,715 17,148 

($1000) 

Assumptions include: 

Disposed Soil (50% RCRA, 50% on-site) - 11,200 CY 

Alternative: Soil Stabil ization (7,400 CY @ $80/CY) 

Groundwater (15 wells) - 1,000 GPM 

Structure Removal - 7,500 SF -75% contaminated, 25% clean 

Present Worth Costing - 15 yrs. 0 10% 

XIII - Evaluation: This alternative addresses major contaminant 

sources including surface and subsurface soils, the building and 

Level A groundwater. This alternative provides for removal of the 

contaminated subsurface soil by removal and disposal. Excavated 

material would be tested and then appropriately hauled and 

disposed in either an off-site RCRA landfi l l  or an on-site 

regulated iandfi l l  as applicable. For alternative cost purposes a 

1:1 ratio was used. Costs also include clean f i l l  replacement and 

landfi l l  construction and monitoring. Groundwater in the Level A 

aquifer zone would be removed unti l  the MCL is reached. Recovered 

groundwater would be treated to drinking water standard and 

reinjected into Level B. Adequate water supply is available from 

the City of Vancouver. 

Alternative XIV: Surface and Subsurface Soil Removal and Dispose; 

Level A Groundwater Extraction/Treat/Disposal; Structure Removal 

XIV - Description: Surface soil greater than or equal to 550 ppm 

total Cr is removed and disposed either in an on-site l ined 
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landfi l l  meeting minimum functional standards or off-site at a 

RCRA disposal facil i ty. Destination of loads, zones or batches 

wil l  be determined by on-site testing. This action mitigates the 

airborne as well as the surface soil problem. Subsurface soils 

greater than or equal to 550 ppm total chrome are removed and 

disposed in the same manner as the surface soil. Groundwater is 

pumped from the Level A aquifer zone and treated to remove the 

chromium contaminants to chronic fresh water toxicity criteria. 

The structure on the site wil l  be completely removed, including 

underlying soil. New clean soils are brought to the site to f i l l  

the excavated voids. The treated water wil l  be disposed off-site 

to the Columbia River. Periodic sampling and testing of the 

pumped groundwater at the treatment facil i ty and periodic sampling 

of the monitoring wells wil l  provide the regulatory monitoring 

data. The fol lowing describes the process and unit operations. 

XIV i  Civil Site Work: The contaminated surface soil wil l  be 

removed by bulldozers and motor scrapers. The soil wil l  be 

stockpiled for testing to determine disposal priority. Soil 

classif ied as extremely hazardous waste under Chapter 173-303 WAC 

wil l  be transported as required to a RCRA disposal site. The 

remaining non-hazardous material wil l  be placed in a l ined on-site 

f i l l  constructed to minimum functional standards. The cost of 

this alternative would include replacing the removed soil with 

clean backfi l l ,  a landfi l l  cap, and monitoring of the on-site 

landfi l l .  Final grading of the site area wil l  be provided with a 

vegetation cover and graded with swales and slopes to provide soil 

stabil i ty and adequate surface water runoff drainage. 

To f i l l  the excavated voids, clean soils from off-site wil l  be 

brought by trucks then graded and compacted in l i f ts suitable for 

the soil type. Final grading of the site area wil l  be provided 

with a vegetation cover and graded with swales and slopes to 

provide soil stabil i ty and adequate runoff drainage. 
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XIV - Wells: Multiple ejector wells wil l  be dri l led into the 

contamination plume of the Level A aquifer zone, as described in 

section 3.1.1.5. Each well wil l  be complete with a pump and the 

outlet wil l  be connected through check valves to a common header 

which wil l  direct the water by pipeline to the storage basin of 

the treatment facil i ty. The pipelines from the ejector wells to 

the treatment facil i ty wil l  be buried in a subsurface trench to 

avoid freezing in winter. 

XIV - Water Treatment Facil i ty: A treatment facil i ty wil l  be 

constructed on-site to treat the water. I t  wil l  basically 

comprise a storage sump, centrifugal pumps for removing the water 

from the sump, a treatment process selected from those described 

in 2.3.6.5 based on costs and effectiveness, an eff luent sump, and 

centrifugal pumps for removing the water from the sump and feeding 

to the discharge l ines. 

XIV - Water Disposal: The treated water wil l  be discharged to the 

Columbia River to the freshwater chronic chromium toxicity level 

of 0.01 mg/1. Water discharge quantit ies probably preclude the 

option of using City of Vancouver facil i t ies. 

XIV - Structure M i t i g a t i o n :  Under this alternative the building 

structure wil l  be demolished and removed from the site. 

Uncontaminated components of the building would be f irst removed 

fol lowed by controlled demolit ion of the remaining parts including 

the building slab. Contaminated components wil l  be removed to a 

RCRA disposal site or to a landfi l l  which meets the standards of 

Chapter 173-304 WAC. Underlying soil would be treated as other 

surface soil. 
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—:—Institutional Controls: Institutional controls to be 

implemented with this alternative involve restrictions on land 

use. Restriction of well installation within the groundwater 

contamination plume would also be required, however this may be 

diff icult to implement. 

XIV - Cost: The costs associated with this alternative are 

divided into two categories. First is the immediate capital cost 

which includes excavation, disposal, replacement, backfi l l ,  

grading, drainage, well sinking, and water treatment facil i ty 

equipment and installation. The second is the operating cost for 

the soil and water treatment facil i t ies and includes energy, 

maintenance labor and materials, monitoring, and inspection. The 

latter is discounted to a present worth cost for comparison 

purposes. The fol lowing is the cost basis. 

Capital O&M Total 

Costs Present Worth LCC 

Alternative XIV 6,776 13,123 19,899 

($1000) 

Assumptions include: 

Disposed Soil (50% RCRA, 50% on-site) - 11,200 CY 

Groundwater (15 wells) - 1,000 GPM 

Structure Removal - 7,500 SF -75% contaminated, 25% clean 

Present Worth Costing - 15 yrs. 0 10% 

MV—-—Eva!uation: This alternative addresses major contaminant 

sources including surface and subsurface soils, the building and 

Level A groundwater. This alternative provides for removal of the 

contaminated subsurface soil by removal and disposal. Excavated 
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material would be tested and then appropriately hauled and 

disposed in either an off-site RCRA landfi l l  or an on-site 

regulated landfi l l  as applicable. For alternative cost purposes a 

1.1 ratio was used. Costs also include clean f i l l  replacement and 

landfi l l  construction and monitoring. Groundwater in the Level A 

aquifer zone would be removed unti l  the MCL is reached. Recovered 

groundwater would be treated to drinking water standard and 

reinjected into Level B. In situ f inal restrictions would st i l l  

have to be enforced for groundwater access. This alternative 

calls for treatment to less than .01 mg/1 of chromium for 

discharge into the Columbia River. There is adequate water supply 

available from the City of Vancouver water system. 

Alternative XV: Surface and Subsurface Soil Removal and Dispose; 

Total Aquifer Restoration; Structure Removal 

XV - Description: Surface soil greater than or equal to 550 ppm 

total Cr is removed and disposed in an on-site regulated landfi l l  

or off-site at a RCRA disposal site. This action mitigates the 

airborne as well as the surface soil problem. The subsurface 

soils greater than or equal to 550 ppm total Cr are extracted and 

also disposed in the same manner as the surface soil. Groundwater 

is pumped from both the Level A and Level B aquifer zones, as 

described in section 3.1.1.5, then treated to the chronic fresh 

water toxicity level of .011 mg/1, as stated in the Ambient Water 

Quality Standards for Freshwater Aquatic Organisms. The structure 

on the site wil l  be completely removed, including underlying soil. 

New clean soils are brought to the site to f i l l  the excavated 

voids. The treated water wil l  be disposed to the Columbia River. 

Periodic sampling and testing of the pumped groundwater at the 

treatment facil i ty and periodic sampling of the monitoring wells 

wil l  provide the regulatory monitoring data. The fol lowing 

describes the process and unit operations. 
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XV - Civi l Site Work: The contaminated surface soil wil l  be 

removed by bulldozers and motor scrapers. The soil wil l  be 

stockpiled for testing to determine disposal priority. Soil 

designated as hazardous per 173-303 WAC wil l  be transported as 

required to a RCRA disposal site. The remaining non-hazardous 

material wil l  be placed in an on-site f i l l  constructed to minimum 

functional standards. The cost of this alternative would include 

replacing the removed soil with clean backfi l l ,  a landfi l l  cap, 

and monitoring of the on-site landfi l l .  Final grading of the site 

area wil l  be provided with a vegetated cover and graded with 

swales and slopes to provide soil stabil i ty and adequate surface 
water runoff drainage. 

To f i l l  the excavated voids, clean soils from off-site wil l  be 

brought by trucks then graded and compacted in l i f ts suitable for 

the soil type. Final grading of the site area wil l  be provided 

with a vegetated cover and graded with swales and slopes to 

provide soil stabil i ty and adequate runoff drainage. 

XV—- Wells: Multiple ejector wells wil l  be sunk into the 

contamination plume of th.e Level A aquifer zone and into the 

deeper Level B zone. Well f ield placement and pumping rates are 

described in section 3.1.1.5. Each well wil l  be complete with a 

pump and the outlet wil l  be connected through check valves to a 

common header which wil l  direct the water by pipeline to the 

storage basin of the treatment facil i ty. The pipelines from the 

ejector wells to the treatment facil i ty and from the ~aci1ity to 

the discharge l ines wil l  be buried in a subsurface trench to avoid 
freezing in winter. 

XV - Water Treatment Facil i ty; A treatment facil i ty wil l  be 

constructed on-site to treat the water. I t  wil l  include a storage 

sump, centrifugal pumps for removing the water from the sump, air 

3 - 8 2  



stripping and ion exchange, an eff luent sump, and centrifugal 

pumps for removing the water from the sump and feeding the 

discharge l ines. 

XV - Structure M i t i a a t . i n n :  Under this alternative the building 

structure wil l  be demolished and removed from the site. 

Uncontaminated components of the building would be f irst removed 

followed by controlled contaminant demolit ion of the remaining 

parts including the building slab. Contaminated components wil l  

be removed to a RCRA disposal site. Underlying soil would be 

treated as other surface soil. 

£L-z—Institutional Controls: Institutional controls concerning 

the closed on-site landfi l l  wil l  be required. In addit ion, 

institutional controls would be required to prohibit well 

installation within the groundwater contamination plume unti l  

groundwater remediation is complete. 

XV_jL_Cost: The costs associated with this alternative are divided 

into two categories. First is the immediate capital cost which 

includes excavation, disposal, replacement, backfi l l ,  grading, 

drainage, well installation, water treatment facil i ty equipment, 

and equipment installation. The second is the operating cost for 

the soil and water treatment facil i t ies and incudes energy, 

maintenance labor and materials, monitoring and inspection. The 

latter is discounted to a present worth cost for comparison 

purposes. A 15-year period was used as this alternative assumes 

remediation in that period. 
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Capital O&M Total 

Costs Present Worth LCC 

Alternative XV 15,958 78,687 94,645 

($1000) 

Assumptions include: 

Disposed Soil (50% RCRA, 50% on-site) - 11,200 CY 

Groundwater - 13,000 GPM (21 wells; including both upper 

and lower aquifers) 

Structure Removal - 7,500 SF -75% contaminated, 25% clean 

Present Worth Costing - 15 yrs. 0 10% 

XV - Evaluation: This alternative is similar to XII as i t  

addresses al l  major contaminant sources and contains required 

standards for environmental and health needs. Groundwater 

mitigation would include total aquifer restoration. This aspect 

of the alternative results in a very high cost due to the 

intensive and extensive nature of the total aquifer treatment. 

Institutional controls would st i l l  be required for land use over 

the landfi l l  or stabil ized zone fol lowing the remediation effort. 

The soil mitigation would avoid treatment technology diff icult ies 

by direct disposal to an off-site RCRA disposal site and an on-

site regulated landfi l l .  Because the water volumes would be high, 

disposal would be to the Columbia River with treatment to require 

less than 0.01 mg/1 of chromium. 

Because of uncertainties in extraction effectiveness from the 

heterogeneous aquifer, and the uncertainty in degree of source 

removal required, this alternative is expected but not assured to 

meet total restoration to MCLs. Further, the added degree of 

protection of public health and the environment over Level A only 

3 - 8 4  



cleanup to the MCL is judged to be small in comparison to 

projected costs. In addit ion, the technical issues to treat 19 

mgd of contaminated become much more complex due to the size of 

the treatment plant and the l imited on site space available. 

There are no current groundwater users within the Level B 

contaminant plume geometry. I t  is assumed that any shallow 

groundwater wells which are inadvertently placed within the plume 

area, despite institutional controls, would primarily uti l ize the 

Level A aquifer. I t  is estimated, based on a l inear groundwater 

velocity of 2.25 ft/day as reported in the RI, that one ful l  

volume of groundwater within the .05 ppm contour in Level B would 

naturally f lush in 667 days, or approximately two years. This 

indicates that a national f lushing equivalent to that achieved in 

the Level B pumping scenario would occur in approximately 90 
years. 

A 1 t e r n a t i  v e  X V I  :  S u r f a c e  a n d  S u b s u r f a c e  S o i l  

Removal/Treat/Replace; Structure Removal; Groundwater Monitoring; 

Institutional Controls 

XVI - Description: The surface soil is removed and treated with a 

stabil izing reagent to immobil ize the chromium contaminant. This 

action mitigates the airborne as well as the surface soil problem. 

The subsurface soils are removed and treated by the same methods 

as the surface soils. The structure on the site wil l  be 

completely removed including underlying soil. Treated soils are 

disposed of at the site by backfi l l ing, grading and recompaction. 

The surface area wil l  be capped and graded. Periodic sampling and 

testing of the monitoring wells wil l  provide the regulatory 

monitoring data. Institutional controls wil l  be implemented to 

restrict access to groundwater. 

Ml—:—Civil Site Work: The contaminated surface soil wil l  be 

removed by bulldozers and motor scrapers and stockpiled adjacent 
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to the soil stabil ization treatment facil i ty. The subsurface 

contaminated soil wil l  be removed using a dragline or backhoe for 

the mass excavation and loaders for cleanup. These wil l  discharge 

to dump trucks that wil l  transfer the soils to the stockpile 

adjacent to the soils treatment facil i ty. 

The stabil ized soils wil l  be returned to the excavation by trucks 

and front end loaders, then graded and compacted in l i f ts. An 

impervious cap of two foot of clay or equivalent wil l  be provided. 

The site area wil l  be provided with a vegetation cover and graded 

with swales and slopes to provide soil stabil i ty and adequate 
runoff control. 

XVI - Soil Stabil ization Treatment Facil i ty: A soil stabil ization 

treatment facil i ty wil l  be mobil ized at the site to treat 

contaminated soils. The treatment processes wil l  require mixing a 

stabil ization reagent and water with the soil. The treatment 

system wil l  typically include a stockpile constructed with a 

subliner to prevent rainwater leachate from migrating into the 

surface soils, a screening device, a feed system to convey the 

soil to the batch mixing plant, the batch mixing plant, and a 

discharge conveyor which transfers the soils slurry to an open pit 

for stabil ization. There are other auxil iary equipment required 

such as reagent storage and feed systems, and water supply. A 

front end loader and truck transfers the stabil ized soil back to 
the excavation. 

XVI - Structure Demolit ion: Under this alternative the building 

structure wil l  be demolished and removed from the site. 

Uncontaminated components of the building would be f irst removed 

fol lowed by controlled demolit ion of the remaining parts including 

the building slab. Contaminated components wil l  be removed to a 

RCRA landfi l l .  Underlying soil (300 cubic yards) would be treated 
as other surface soil. 
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XVJ—2—Moni tori nq: A long-term monitoring program would be 

implemented to provide updated information on the migration of 

contaminants. For groundwater, both private and monitoring wells 

would be sampled on a quarterly basis, and the program modified as 
the plume changes. 

XVI - Institutional ContrgU- Institutional controls to be 

implemented with this alternative wil l  include restrictions on 

future land use and restrictions on disturbance of the soil. 

Restriction of well installation within the groundwater 

contamination plume would be required, however this may be 

diff icult to implement. 

XVI - Cost: The costs associated with this alternative are 

divided into two categories. First is the immediate capital cost 

which includes excavation, stabil ization treatment, backfi l l ,  

grading, and drainage. The second is the operating cost for 

monitoring and inspection. The latter is discounted to a present 

worth cost for comparison purposes. The fol lowing is the cost 
basis. 

Capital O&M Total 

Costs Present Worth LCC 

Alternative XVI 2,969 522 3 , 4 9 1  

($1000) 

Assumptions include: 

Stabil ized Soil - 11,200 CY 

Structure Removal - 7,500 SF -75% contaminated, 25% 

clean 

Present Worth Costing - 15 yrs. @ 10% 

3 - 8 7  



—i—SojJ—Pi sposal Option: The disposal option for the 

contaminated soil is a potential ly cost effective and reliable 

remediation action at the FHC site. The consideration of this 

option is dependent upon the hazardous waste designation by the 

methods required under RCRA and Chapter 173-303 WAC. These 

considerations are described ful ly in the RD-1 and RD-2 

alternatives. Another consideration is the availabil i ty of a 

municipal landfi l l  meeting minimal functional standards. I f  the 

contaminated soils were mostly designated nonhazardous problem 

wastes and a nearby municipal landfi l l  could accept such waste, 

that disposal option would merit careful consideration. The cost 

of disposal would be comparable to the soil solidif ication method. 

Because the costs are close and the disposal feasibil i ty 

uncertain, the soil disposal method is considered as an 

alternative to soil stabil ization. 

XV]—:—Evaluation: This alternative addresses the contaminant 

sources of surface and subsurface soils, and the building. This 

alternative provides for removal of the contaminated surface and 

subsurface soil by removal and stabil ization. Costs also include 

monitoring. The alternative would include institutional controls 

and indefinite monitoring. The availabil i ty of city water 

eliminates the need for development of new groundwater supplies 

and protects public health from the groundwater degradation. 

SCREENING OF PRELIMINARY REMEDIAL ALTFRNATTVFS 

The preliminary remedial alternatives described and evaluated in Section 

3.2 are now screened according to environmental and public health 

considerations and order of magnitude costs. Table 3-3 summarizes the 

preliminary alternatives and l ists the attainment of remedial objectives 

and compliances with regulatory standards. 
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These alternatives wil l  be screened for environmental and public health 

considerations and order of magnitude cost. Those alternatives which do 

not pass this screening wil l  be eliminated from further consideration. 

3.3.1 Achievement of ARAR and Conformance to NCP 

As mandated in the NCP requirements, alternatives spanning the 

range of al l  f ive categories must be investigated in the 

development of the preliminary alternatives. 

I t  should be noted that most of the alternatives address the 

option of off-site material disposal. For sludges, a metal 

recovery option is also addressed to remain consistent with 

priorit ies under SARA. The categories are represented in Table 3-
3. 

3.3.2 Cost Screening 

This screening evaluates the order of magnitude cost of the 

preliminary alternatives. Those alternatives that show a 

signif icant order of magnitude cost difference may be eliminated. 

Both capital cost and the present worth cost which includes 

capital and annual costs are shown in Table 3-4. Present worth 

considers a 10% discount over a 30-year period except for XII and 

XV which uses 15 years. 

3.3.3 Environmental and Public Health Screening 

The most important consideration in this screening is the 

protection of human health and the environment. As a f irst 

consideration, any alternatives which do not remediate immediate 

hazards to health and environment are eliminated. All retained 

alternatives contribute to meeting the remedial objectives. Taken 

together, these objectives prevent human exposure or ingestion of 
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harmful contaminants in excess of applicable standards by any of 

the contaminant pollution pathways identif ied in section 3.1.1. 

The No Action alternative, while not presenting a current 

excessive health r isk, does not provide addit ional human health 

protection over the long term because the surface contamination is 

subject to distribution by the wind, making i t  available for human 

ingestion by breathing and by swallowing. This alternative was 

retained as a baseline for comparison with other alternatives. 

Public health concerns associated with potential site use changes 

involve the surface soil contaminants which may be transported by 

wind, surface water, or physical means, and through airborne 

contact or direct ingestion. Except for No Action, al l  of the 

alternatives address this concern. Capping the surface with 

pavement would tend to be a less permanent solution than removal 

because of the l i fe of the pavement and the indefinite need for 

the cap. The pavement cap is l ikely to be disrupted in connection 

with site use change, the most l ikely scenario for increasing risk 
from this source. 

Groundwater is not an immediate public health concern because no 

water is being drawn for consumption from the present or projected 

plume area. Institutional control of well dri l l ing and water 

sources could be used to address the long range public health 

concern regarding the groundwater. 

From an environmental standpoint the only alternatives that would 

provide remediation of both Level A and Level B groundwater to 

chromium concentrations which meet the MCL would be those that 

involve total aquifer restoration (XII, XV). These alternatives 

cannot be assured to provide complete cleanup because of 

uncertainties in the physical situation and eff iciencies. The 

other described alternatives, to varying degrees, result in 
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continued presence of contaminants in the subsurface environment 

for many years, although they do reduce either the toxicity, 

mobil i ty, or volume of contaminants on site. 

Table 3-4 summarizes environmental and public health concerns for 

the various preliminary alternatives. Where public health issues 

and the level of subsurface mitigation over an extended time 

period do not differ substantial ly between similar alternatives, 

the more cost effective one was retained. 

FINAL CANDIDATE ALTERNATIVFS 

A screening summary of the preliminary alternatives is presented in 

Table 3-4. Of the original 15 preliminary alternatives, Alternatives 

I I , III, V, VI, VII and VIII were eliminated because the long term 

result of the alternative offered no signif icant mitigation improvement 

over surface remediation only. Alternative IV was eliminated because 

for surface mitigation only, surface soil removal (Alternative IX) was 

considered more effective toward protecting populations under potential 

site use changes. Alternatives XII and XV were eliminated based on the 

level of increased environmental and public health protection versus the 

very large costs required to implement them. 

The f inal candidate remedial alternatives are: 

FINAL CANDTDATFS 

Final 
Evaluation 
Designation Preliminary Number and Descript ion 

Alternative I  

N/A No Action, Site Monitoring 
Institutional Restrictions: Wells, Site Access, Land 

Use 
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SO Alternative IX 

Surface Soil Removal and Disposal 
Structure Cleaning and Sealing 
Institutional Restrictions: Wells, Land Use, Future 

Structure Disposit ion 

RT 1 and RT 1A Alternative X 

Surface and Subsurface Soil: Remove/Treat/Replace 
Level A Groundwater: Pump/Treat/Recharge 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

RT 2 and RT 2A Alternative XI 

Surface and Subsurface Soil: Remove/Treat/Replace 
Level A Groundwater: Pump/Treat/Discharge 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

RD 1 Alternative XIII 

Surface and Subsurface Soil: Remove/Dispose On-Off 
Site 

Level A Groundwater: Pump/Treat/Recharge 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

RD 2 Alternative XIV 

Surface and Subsurface Soil: Remove/Dispose On-Off 
Site 

Level A Groundwater: Pump/Treat/Discharge 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

SS Alternative XVI 

Surface and Subsurface Soil: Remove/Treat/Replace 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

The RT 1A and RT 2A alternatives are the same as the RT 1 and RT 2 

alternatives respectively, except the soil treatment method is soil 

stabil ization. The SS alternative (XVI) describes the soil 

stabil ization method of soil treatment. 
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table 3 ARAB* ABO QJI DANCE CRITERIA TOR THE MC SITE 

Contswilnsnt 

Chrailua • Cr*4 

- CR* J 

Totsl Cr 

Lesd 

Nickel 

TCE 

TCA 

RCE 

CCI, 

SOUA* "-Uater 

HCle 

(•B/t) 

.05 

.05 

.05 

.005 

.2 

.005 

Appl I cable or Relevant and 

Appropriate Requlraaent* (***«») 

CAA<l>.«r 

(to/*1) 

.(I) 
OJA ' CUA" 

-arbicnt uater -arblent water 

Aquatic 1 DU DU oily 

1.5 (00 Dry) 

"g/L 

.05 

170 

.05 

.0111 

.0027 

0 

0 

<•9/1) 

.05 

17V 

.05 

.0154 

.0020 

0 

0 

Other Outdance 

end Crlterle 

(1) 
SOUA 

HClCe 

/[ 

.12 

(.02) 

0 

.2 

CO) 

Aablent Weter Ouallty tide, 

(or Freeh later 

Aquatic Organ lira'" 

Acuta 
(5) 

0.014 

.«0 

.054 

1.1 

Chronic 

1/' 

(4) 

0.011 

.12 

.001] 

.054 

Safe OrlrAIng Uater Act 

health Advleerlea (SHAMS) leu/I)'4' 

per 10 St Sody Ueljht 

1 dry 10 day« lav ten 

1.4 1.4 .24 

•02/dey 

140 15 

54 

4 .140 

55 

1.94 

.071 

( ) Indicate* proposed atandard 

(1) Sale Printing Uater Act (SOU*); Hanlaua Contaalnant Cevela (Kill; FUalaaja Contnlnant level Coal a (IKlCe) 

(2) Clean Air Act (CAA); Rational Aafclent Air Ouallty Standard (HAAOS) 

(5) Clean Uater Act (CUA); OrlnAlrq Uater (DU) 

(4) Sug e«ited ho Adverae Reapanae levela (SHARIS); fheae runregulatory advlaorlea era eatabl lahed for t rare lent eapoauree end 

are not to be uaed for I If at law expoaurea. long term doe* not wean llfetlaw. 

(5) hot to be exceeded wore than I hr. In 5 yr. period, except HI which la not to be exceeded. Aaauaee Kardwaa • 50 a*/1. 

(4) hot to be exceeded aore than 4 day* In J yr. period, except hi which la aai. 24 hr. evg. Aaauaee hard*** • 50 eg/1. 

(7) Duality Criteria for Uater, 1VB6, IP* 440/5-66-001; Alao propoaed revlalorw to IMC 175-201. 
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TABLE 3.2 PRELIMINARY RFMEDIAL A1 TFRNATIVFS 

Alternatives 

Remedial Topic 
. Specific Fealure 

I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI 

Site Monitoring 
. Site Monitorinq X X X X X X X X X X X X X X X X 

Suface Soil 
. Surface Capping X X X 
. Surface Soil R/T/Replace X X X X X X 
. Surface Soil Remove/Dispose X X X X X X 

Sub-Surface Soil 
. R/T/Replace X X X X 
. R/Dispose X X X 

Groundwater 
. Pump/Treat/Discharqe (Level A) X X X X X 
. Pump Treat Recharqe Level A) X X X X X 
. Aquifer Restoration Level A+B) X X 

Structure 
. Cleaninq/Sealinq X X X X X X X X 
. Demolition X X X X X 1 

Disposal 
. Residual Disposal/Recyclinq X X X X X X X X X X X X 

Institutional 
. Institutional Controls X X X X X X X X X X X X X X X 

Remediation Categories 
1. No Action X 
2. Non-Attainment 

Meets Major 
X X X X X X X X X X X X X 

3. Attainment of 
Standards 

X X 

4. Exceeds Standards X X 
5. Off Site Disposal X X X X X X X X X X X X X 

TABLE 3-2 



TABLE 3-3 
SUMMARY OF PRELIMINARY ALTERNATIVES BY REMEDIAL OBJECTIVES, NCP CATEGORIES 

REHEDIAL OBJECTIVES 1 M HI IV V VI VII VH1 IX X XI XII XI11 XIV XV XVI 

1. Prevent exposure to 
contaminated dust 

No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

2. Prevent exposure to 
contaminated Mater supply Inst 

Part 
Inst 

Part 
Inst Inst 

Part 
Inst 

Part 
Inst 

Part 
Inst 

Part 
Inst Inst 

Part 
Inst 

Part 
Inst Yes 

Part 
Inst 

Part 
Inst Yes Inst 

3. Prevent unacceptable 
contaminants in surface 
waters 

No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

4. Prevent unacceptable 
contaminants in on-site 
biota 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

S. Prevent organic contaminant 
risk in remediation actions 

No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

6. Prevent expansion of 
leachate plume 

No Part Part No Part Part Part Part No Part Part Yes Part Part Yes No 

7. Cleaning Site No No No No No No No No No No No Probable No No Probable No 

NCP Remediation Categories 

1. No Action X 

2. Nonattatnment of Relevant 
or Applicable Standards but 
Hajor Health Issues Addressed 

X X X X X X X X X X X X X 

3. Attainment of Relevant y X 
or Applicable Standards 

4. Exceedence of Relevant y X 
or Applicable Standards 

5. Off-Site disposal XX XXXX XXXXX XX 
Part. - Indicates partial mitigation, Inst. - Indicates mitigation by Institutional restriction 

TABLE 3-3/1 



TABLE 3-4. SCREENI0 IMARY FOR REMEDIATION ALTERNATIVES 

COS1 (II.OOO) PUBLIC HEALTH LHVIRONHLNIAL TECHNICAL COMMUNITY RESPONSE OTHER 
ALTERNATIVE CAPITAL TOTAL ICC CONCERN CONCERNS CONCERNS CONCERNS CONCERNS 

I No Action 

II Surfico Capping 
Structure Cleaning 
Itvtl *A* Groundwater 
Treat/Recharge 

III Surface Capping 
StrucLure Cleaning 
level 'A* G.M. Remove/ 
Treat/Olicharge 

IV Surface Capping 
Structure Cleaning 

Surface Soil R/t/R 
Structure Cleaning 
level "A" G.M. Remove/ 
Treat/Recharge 

VI Surface Soil R/T/R 
Structure Cleaning 
level *A* G.M. Remove/ 
Ireat/Olicharge 

VII Surface Soil Remove 
and Dispose 

Structure Cleaning 
level *A* G.M. Remove/ 
Treat/Recharge 

VIII Surface Soil Remove 
and Dispose 

Structure Cleaning 
level 'A* G.M. Remove/ 
Ireat/Olscharge 

IX Surface Soli Remove 
and O.tpote 

Structu; Cleaning 

31 217 Unacceptable eapoturo 
to surface soil borne 
contamination. 

2,>76 13,tot Although capped surface, 
subsurface soils and 
groundwater plume remain. 
Institutional control 
Indefinite. 

3,211 lf,3S7 Although capped surface, 
subsurface tolls and 
groundwater plume remain. 
Institutional control 
Indefinite. 

213 tOS Although capped surface, 
subsurface tolls and 
groundwater plume remain. 
Institutional control 
Indefinite. 

3,313 It,227 Institutional control 
Indefinite to restrict 
access to subsurface 
soil and water. 

3,(7t It.996 Institutional control 
Indefinite to restrict 
access to tubsurfaco 
soil and water. 

3,011 ll,7tt Institutional control 
Indefinite to restrict 
access to subsurface 
soli and water. 

1,171 l(,496 Institutional control 
Indefinite to restrict 
access to subsurface 
soil and water. 

367 644 Although surface soli 
removed, subsurface soil 
and groundwater plume 
-main. Instltit»' 

Continued contamination of 
surface soli and migration 
of groundwater. 

Subsoil source still 
remalnt. Due to slow 
leaching process, exist
ing groundwater plume 
will remain and migrate 
for long period of tiate. 

Subsoil source still 
remains. Due to slow 
leaching process, exist
ing groundwater plume 
will remain and migrate 
for long period of time. 
Columbia River water 
quality to be 
addressed. 

Subsoil sourco still 
remains. Due to slow 
leaching process, exist
ing groundwater plume 
will remain and migrate 
for long period of time. 

Subsoil source still 
remains. Due to slow 
leaching process, exist
ing groundwater plume 
will remain and migrate 
for long period of time. 

Subsoil sourco still 
remains. Due to slow 
leaching proccis, exist
ing groundwater plume 
will remain and migrate 
for long period of llam. 
Columbia River water 
quality to be addressed. 

Subsoil source still 
remains. Due to slow 
leaching process, exist
ing groundwater plume 
will remain and migrate 
for long period of time. 

Subsoil source still 
remains. Due to slow 
leaching process, exist
ing groundwater plume 
will remain and migrate 
f o r  l o n g  p e r i o d  o f  H I M .  
Columbia River water 
quality to be addressed. 

Subsoil source still 
rvmalns. Due to slow 
leaching process, exist-

Not Acceptable. Cost Involves long term 
monitoring. 

longevity of remedial Acceptable et this time.long-term building solu-
ectlon. Greater treatment future land use limited.tlon addressed throuah 
required for Injection; Institutional control, 
quality control critical. 

longevity of remedial 
action. 

life expectancy and 
Integrity of cap for 
Indefinite use. 

Acceptable at this tlam.long-term building solu-, 
future land use limited.tlon addressed thru Insti

tutional control. NPOES 
permits required. 

Acceptable at this time.long-term building solu-
futuro land use limited, tlon addressed through 

Institutional control. 

longevity of remedial Acceptable et this time. Long-term building solu-
ection. Greater treatment future land use limited, tlon addressed throuah 
required for Injection; Institutional control. 
Qualltv control critical. 

longevity of remedial 
action. 

Acceptable at this t i m e ,  long-term building solu-
future land use limited, tlon addressed thru Insti

tutional control. NPOES 
permits required. 

longevity of remedial Acceptable at this time, long-term building solu-
actlon. Greater treatment future land use limited, tlon addressed throuah 
required for Injection; Institutional control, 
quality control critical. 

longevity of remedial 
action. 

Acceptable at this time. Long-term building solu-
future land use limited, tlon addressed thru Insti

tutional control. NPOES 
permits required. 

Acceptable at this 
time, future land 
use limited. 

long-term building solu
tion addres-.ed through 
Institutional control. 



TABLE 3-4. SCREENING SUMMARY FOR REMEDIATION ALTERNATIVES 

A.HDuiT.wr I*1'000) PUBLIC HEALTH 
ALTERNATIVE CAPITAL I01AI ICC CONCERN 

ENVIRONMENTAL 
CONCERNS 

TECHNICAL 
CONCERNS 

COmUNITV RESPONSE 
CONCERNS 

OIHER 
CONCERNS 

Surface and Sub
surface Soil R/I/R 

Demolish Slructurt 
lovol *A" C.N. R/T/R 

II Surface and Sub-
aurfaco Soil R/I/R 

Demolish Structurt 
lovol "A" C.U. A/I/O 

111 Surface and Sub
surface soil R/I/R 

Demolish Structure 
Restore Aquifer 
(level "A" and level *8") 

XIII Surface and Sub
surface Soil R/O 

Demolish Structure 
level "A" C.N. R/I/R 

IIV Surface and Sub
surface Soil R/D 

Demolish Structure 
level "A" C.N. - A/I/O 

XV Surface and Sub
surface Soil R/O 

Demolish Structure 
Restore Aquifer 
(level *A* t Level •(*) 

XVI Surface and Sub
surface Soil 
Remove/Stab 11 lie/ 
Replace 

Demolish Structure 
Institutional Control 

10,097 

10,440 

10,818 

(.411 

i,77C 

IS,158 

controls Indefinite. 

I1.S84 though source mitigated, 
plume remains, extended 
period of time requiring 
Institutional controls. 

76,ISO Though source mitigated, 
plume remains, extended 
period of time requiring 
Institutional controls. 

17,877 None 

17,148 Though source mitigated, 
plume remains; extended 
period of time requiring 
Institutional controls. 

19,899 Though source mitigated, 
plume remains, extended 
period of time requiring 
Institutional controls. 

94,(4$ None 

Cost to be determined. Tough source stabilised 
plume remains, permanent 
Institutional controls. 

mill remain and migrate 
for long period ef time. 

Though source signifi
cantly removed, existing 
plume will remain and 
migrate for long period 
of time. 

Though source signifi
cantly removed, existing 
plume will remain and 
migrate for long period 
of time. Columbia River 
quality te be addressed. 

Columbia River quality to 
be addressed. 

Thouah source signifi
cantly removed, existing 
plume Mill remain and 
migrate for long period 
of time. 

Thouah source signifi
cantly removed, existing 
plume MIII remain and 
migrate for long period 
of time. Columblo River 
quality to be addressed. 

Columbia River quality 
to be addressed. 

Clay sell treatment 
technology. Quality 
control for recharge. 

Clay soli treatment 
technology. 

Clay soil treatment 
technology. 

Acceptable. Hater 
eccess restrictions. 

Acceptable. Hater 
access restrictions. 

Acceptable. 

Indefinite maintenance of Acceptable. Hater 
landfill. Quality control access restrictions, 
for recharge. 

Indefinite maintenance of 
landfill. 

Acceptable. Hater 
access restrictions. 

Indefinite maintenance of Acceptable, 
landfill. 

Though source slgnlflcantlyStabllliatlon 
stablI lied, existing plume Technology 
MIII remain and migrate. 

Acceptable. Hater 
eccess restrictions. 

•ulldlng demolished. 

(ulldlng demolished, 
permit required. 

NPDES 

Building demolIshed. NPOES 
permit required. Total 
aquifer restoration ques
tionable. 

lulldlng demolished. 

(ulldlng demolished, 
permit required. 

NPOES 

Building demolIshed. Total 
aquifer restoration ques
tionable. 

Building demolished. 

t.H. - Groundwater 
R/I/R - Remove/Ireat/Recharge 
R/l/D - Remove/Treat/Discharge 

Soil 
R/l/R - Remove/Ireat/Rcplace 
A/0 - Remove/Dispose 



SOIL TOTAL CHROME iig/g 

PLOT OF TOTAL CHROMIUM IN GROUNDWATER 
VERSUS "THE SOIL SOURCE 

FRONTIER HARD CHROME 
FEASIBILITY STUDY 

BOVAY 

NORTHWEST, INC. 
DATE: SEP 1987 FIGURE NO: 3-1 



LEGEND 

PHASE ONE PUMPING 
7 WELLS, 50 gpm. EACH 

N O T E  :  

ISO CONCENTRATION LINES SHOW 
TOTAL CHROMIUM (PPM) 

200 100 200 

Scale in Feet 

LEVEL "A" PHASE I 
WELL FIELD DESIGN 

FRONTIER HARD CHROME 
FEASIBILITY STUDY 

BOVAY 
NORTHWEST, INC. 

DATE JULY 1987 FIGURE NO: 3-2 



A 
FRONTIER HARD CHROME-

N 

( 

A 
'AREAL EXTENT OF 0.05 PPY 
CHROMIUM IN THE "UPPER 
ZONE" OF THE ALLUVIAL 
AQUIFER (LEVEL A) 

500* SPACING, 8 WELLS, 50 gpm EACH, 
TOTAL Q—400gpm 
ADDITIONAL Q=400gpm 
TOTAL PHASE II Q=750gpm 

250 500 1000 

ScoU in FMt 

LEVEL "A", PHASE II 
WELL FIELD ADDITIONS 

FRONTIER HARD CHROME 
FEASIBILITY STUDY 

BOVAY 

NORTHWEST, INC. 
DATE: SEP 1987 FIGURE NO: 3~3 



FRONTIER HARD CHROME-

REAL EXTENT OF 0.05 PP 
CHROMIUM IN THE "LOWER 
ZONE" OF THE ALLUVIAL 
AQUIFER (LEVEL B) 

750' SPACING, 6 WELLS. 2000 gpm EACH, 
TOTAL Q-12,000gpm 
THIS SPACING IS BASED ON 25% OVERLAP 
OF WELL INFLUENCE. 

250 500 

Seoi* In F««t 

1000 

LEVEL "B" 
WELL FIELD DESIGN 

FRONTIER HARD CHROME 
FEASIBILITY STUDY 

BOVAY 
NORTHWEST, INC. 

DATE; SEP 1987 FIGURE NO: 3"4 



400 

300 

200 

100 

o 

\ /—Ml 
\ / Of 

NIMUM FUNC" 
J—SITE LAND 

10NAL 
"ILL 

/-RCRA SITE 

1000 2000 3000 

MATERIAL TO BE DISPOSED (CYY 

NOTE: 
MATERIAL ADDRESSED HEREIN WOULD BE ACCEPTABLE TO 
BOTH MINIMUM FUNCTIONAL LANDFILL AND RCRA SITE. 

4000 5000 

RCRA SITE 

-ARUNGTON 
•SITE CHARGE $80-$125/T0N 
DEPENDING UPON QUANTITY 

-STATE FEE $20/TON 
-TRANS. ®$.30/T0N/MILE, 140 Ml. 
-1 CY.S1.5 TON 

MINIMUM FUNCTIONAL 

LANDFILL ON-SITE 

-15' DEPTH, 2:1 SLOPE 
-DOUBLE UNED 
-LEACHATE COLLECTION/MONITORING 
-AC CAP 
-6 MONITORING WELLS 
-MONITORED QUARTERLY, 30 YRS. 

ON-SITE VS. OFF-SITE 
DISPOSAL OF SOIL 

FRONTIER HARD CHROME 
FEASIBILITY STUDY 

BOVAY 
NORTHWEST, INC. 

DATE; JULY 1987 FIGURE NO: 3"5 



4.0 DESCRIPTIONS OF FINAL CANDIDATE ALTERNATIVES 

The purpose of this section is to present a detailed description of the 

remedial alternatives that were selected during the init ial screening 

presented in Section 3.0. These detailed descriptions wil l  provide the basis 

for performing the detailed evaluation of technical, institutional, public 

health, and environmental aspects, as well as more accurately estimating costs 

in Section 5.0. 

The description of each remedial alternative includes the following: 

.  The intent of the remedial alternative, such as surface soil 

contamination mitigation or groundwater cleanup; 

.  Key features of the alternative, i .e., description of the technologies 

and associated components making up the alternative; 

.  Preliminary design concepts of major facil i t ies, equipment and 

construction components; 

.  Available performance information on technologies; 

.  Special engineering, safety, environmental, public health, and 

institutional considerations that affect the feasibil i ty of each 

alternative; 

.  Maps depicting the location of the alternative remedial actions; 

.  Operation, maintenance and monitoring requirements; and 

.  Aspects of the Frontier Hard Chrome site contamination that the 

alternative does not address. 
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The descriptions and design concepts presented in this section were developed 

to a level of detail suff icient to permit development of cost estimates with 

an accuracy interval from -30 percent to +50 percent. However, these detailed 

descriptions should not be interpreted as f inal design criteria. The design 

of the selected alternative wil l  be developed on the basis of public input, 

agency policies, addit ional knowledge of the site, pi lot plant studies and 
chosen technologies. 

The Frontier Hard Chrome site has remedial responses which address the surface 

soil, subsurface soil, groundwater and the structure. The appropriate 

remedial actions have been combined into preliminary alternatives. The 

preliminary alternatives were screened to result in the f inal candidate 

alternatives. They are summarized in Table 3-4. Alternative designations are 

based on the surface soil response. The alternatives consist of various 

combinations of structure, soil and groundwater remedial action along with 

monitoring and institutional controls. The different technologies are only 

described in detail when init ial ly introduced. 

The f inal candidate remedial alternatives are: 

FINAL CANDIDATFS 

Final 
Evaluation 
Designation Preliminary Number and Description 

Alternative T 

No Action, Site Monitoring 
Institutional Restrictions: Wells, Site Access, Land Use 

Alternative IX 

N/A 

SO 

Surface Soil Removal and Disposal 
Structure Cleaning and Sealing 
Institutional Restrictions: Wells, Land Use 



RT 1 Alternative X  

Surface and Subsurface Soil: Remove/Treat/Replace 
Level A Groundwater: Remove/Treat/Recharge 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

RT 2 Alternative X T  

Surface and Subsurface Soil: Remove/Treat/Replace 
Level A Groundwater: Remove/Treat/Discharge 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

RD 1 Alternative XIII 

Surface and Subsurface Soil: Remove/Dispose On-Off Site 
Level A Groundwater: Remove/Treat/Recharge 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

RD 2 Alternative XTV 

Surface and Subsurface Soil: Remove/Dispose On-Off Site 
Level A Groundwater: Remove/Treat/Discharge • 
Structure Demolit ion/Disposal 
Institutional Restrictions: Wells, Land Use 

SS Alternative XVI 

Surface and Subsurface Soil: Remove/Stabil ize/Replace 

Structure Demolit ion/Disposal 

Institutional Restrictions: Wells, Land Use 

4.1 NA Alternative: No Action 

N/A—2—Dsscription: No Action is not a category of technologies but a 

group of activit ies which can be used to address the contamination 

problem when no remediation measures, or in this case, no addit ional 

remediation measures wil l  be implemented. 

N/A - Monitoring: A long-term monitoring program would be implemented 

to provide updated information on the migration of contaminants. For 
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groundwater, both private and monitoring wells would be sampled on a 

quarterly basis, and the program modified as the plume changes. The 

monitoring program would also address surface soil, vegetation, building 

components, and air quality. 

Nine well locations are identif ied for monitoring contaminant 

concentration changes in the plume (Figure 4-1). The well locations and 

purpose of each well are given below: 

Location Wells PurDOse 

W87-12 12A & 12B Downgradient monitoring wells 
W85-7 7A & 7B Downgradient monitoring wells 
W85-6 6A & B Downgradient monitoring wells 
W85-4 4A (new wel1) Downgradient monitoring wells 

4B 

W87-9 9A & B Downgradient monitoring wells 
W87-8 8A & 8B Upgradient monitoring wells 
W85-3 3A & 3B Upgradient monitoring wells 
B87-8 8A Plume concentration monitoring 
B86-2R 2R Plume concentration monitoring 

9 locations 16 wells 

Four wells wil l  be monitored on a quarterly basis. Those wells are W87-

12A, W85-7A, W85-6A, and W85-9A. The other wells wil l  be monitored on a 
semi-annual basis. 

Surface soils at the site need to be sampled and tested for contaminants 

on an annual basis. Air quality monitoring would be conducted 

periodically during the dry season. 

The monitoring program wil l  be f lexible and wil l  be modified to reflect 

changes in contamination and the movements of the contaminants. 
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N/A - Institutional Controls: 

The institutional controls pertinent to FHC include water wells, zoning 

and land use, and site access. The Planning and Development Department 

of the City of Vancouver is responsible for zoning designations. The 

zoning designation is currently l ight industrial (Figure 4-2). 

Continuation of industrial zoning would l imit residential and public 

land use. A sensit ive development zone overlay could be considered for 

the FHC sphere of influence for both surface and subsurface 

contamination. The Building and Zoning Department has enforcement 

responsibil i t ies for city building and zoning code. Therefore, i t  

issues demolit ion and building permits based on applicable building 

codes, zoning ordinances, completion of an environmental checklist, and 

records f i led with the Department which could relate to environmental 

problems. For example, this system could be used to require removal of 

contaminated soil under the FHC structure i f  i t  was demolished. In 

general the site could not be developed or modified without assurance 

that appropriate actions would be' taken to mitigate the on-site 

contamination. 

The city water system is ful ly developed in the FHC area (Figure 4-3). 

The Water Coordination Act requires that al l  development of public water 

systems including industry be approved by the water purveyor. A public 

water supply system is defined in Chapter 248-58 WAC as any water supply 

intended or used for human consumption except water supplies serving one 

single family residence. In this case the City of Vancouver Public 

Works Department operates the public water supply system and has a 

policy to serve al l areas within the city boundaries. The Coordinated 

Water System Plan developed by the Clark County Water Uti l i ty 

Coordinating Committee does not address private wells. 

The Groundwater Management Advisory Committee of Clark County was 

created under the provisions of the Groundwater Management Act (HB232). 
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This local committee is developing a groundwater protection plan which 

potential ly would address private water users. Although local policy 

and plans have not yet been developed this committee may provide the 

appropriate avenue for developing a policy to regulate private use of 

groundwater supplies which may be contaminated. Such a policy would 

l ikely be diff icult to implement. 

Finally the site access should be restricted by deed restriction. The 

site should be fenced to prevent unauthorized entry and posted to 
identify the hazardous waste dangers. 

SO Alternative: Soil Removal and Disposal; Partial Structural 
Mitigations 

SO - Description: In this alternative the surface soil is removed and 

disposed in a RCRA landfi l l  off-site. This action mitigates the 

airborne as well as the surface soil problem. The structure on the site 

wil l  be cleaned and sealed where applicable to remove and mitigate 

contaminant exposure. Periodic sampling and testing of the same 

monitoring wells as described in the N/A Alternative wil l  provide the 

regulatory monitoring data. Implementation of institutional controls 

wil l  be used to restrict access to subsurface soils and/or groundwater. 

I t  is recognized that institutional control over groundwater may be 
diff icult to implement. 

SO - Excavation; The contaminated surface soil as detailed in Figure 4-

4 would be removed by bulldozers and motor scrapers, loaded into dump 

trucks by front end loaders, and taken directly to the off-site 

landfi l l .  The top one and one-half feet of surface soil would be 

removed in the areas where soil chromium concentrations exceed 550 ppm. 

This is based on the RI results which show surface soil contamination 

occurs prmarily within the upper 1.5 feet of the soil column. In these 

separate areas the total area approximates 10,000 sq. f t .  or a volume of 

600 cu. yds. This alternative would include replacing the removed soil 



with clean backfi l l .  Final grading of the site area wil l  be provided 

with a vegetation cover and graded with swales and slopes to provide 

soil stabil i ty and adequate surface water runoff drainage. 

SO - Off-site Disposal: Given the small quantity of contaminated soil 

(600 cu. yds.), off-site disposal is the method most feasible and 

effective. Dangerous waste regulations must be adhered to. 

RCRA manifest requirements, under Chapter 173-303 WAC must be complied 

with for al l dangerous or extremely hazardous wastes that are shipped 

off-site. Disposal must also comply with RCRA requirements under 

Chapter 173-303 WAC, as does the generator. In addit ion, the generator 

should ensure that the facil i ty selected to receive the wastes is in 

compliance with al l applicable federal and state environment and public 

health statutes. Under Chapter 173-303 WAC RCRA storage and disposal 

facil i t ies are required to notify the generator, in writ ing, that they 

are capable of managing the wastes. The generator must keep a copy of 

this written notif ication on f i le as part of the operating record. 

The nearest approved facil i ty would be the Chem Securit ies facil i ty in 

Arl ington, Oregon. The contaminated soil would be transported in 20 ton 

dump trucks in bulk. Complete sealing (wrap) of the soil would be 
required. 

—Structure Mitigation: The interior walls and structure of the 

building wil l  be cleaned with a solvent to remove the surface 

contamination and sealed to immobil ize the contaminant by a commercial 

method such as Lopat TCC sealant. The chromium contamination in the 

f loor, underlying soil and the drain piping wil l  be contained by laying 

an impermeable seal over the entire f loor. Floor sealing is required 

because the structural integrity of the building roof cannot be 

guaranteed over a long period of t ime, and roof leakage could reach the 

concrete f loor. The f loor i tself must serve as an impermeable barrier 



to restrict rainwater contct with contaminated subsoils. To prevent 

damage to this seal and yet allow l ight industrial work, a 4-inch 

concrete f loor wil l  be laid over the seal. 

SO - Institutional Controls: 

The institutional controls pertinent to FHC include water wells, zoning 

and land use, and site access. The Planning and Development Department 

vof the City of Vancouver is responsible for zoning designations. The 

zoning designation is currently l ight industrial (Figure 4-2). 

Continuation of industrial zoning would l imit residential and public 

land use. A sensit ive development zone overlay could be considered for 

the FHC sphere of influence for both surface and subsurface 

contamination. The Building and Zoning Department has enforcement 

responsibil i t ies for city building and zoning code. Therefore i t  issues 

demolit ion and building permits based on applicable building codes, 

zoning ordinance, completion of an environmental checklist, and records 

f i led with the Department which could relate to environmental problems. 

For example, this system could be used to require removal of 

contaminated soil under the FHC structure i f  i t  was demolished. In 

general the site could not be developed or modified without assurance 

that appropriate actions would be taken to mitigate the on-site 
contamination. 

The city water system is ful ly developed in the FHC area (Figure 4-3). 

The Water Coordination Act requires that al l  development of public water 

systems (two or more connections) including industry be approved by the 

water purveyor. In this case the City of Vancouver Public Works 

Department has a policy to serve al l areas within the City boundaries. 

The Coordinated Water System Plan developed by the Clark County Water 

Uti l i ty Coordinating Committee does not address private wells. 
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The Groundwater Management Advisory Committee of Clark County was 

created under the provisions of the Groundwater Management Act (HB232). 

This local committee is developing a groundwater protection plan which 

potential ly would address private water users. Although local policy 

and plans have not yet been developed this committee may provide the 

appropriate venue for developing policy to regulate private use of 

groundwater supplies which may be contaminated. Implementation of such 
a policy may be diff icult. 

SO - Operation and Maintenance: Regular inspection of the building and 

site would be required to evaluate the ongoing effectiveness of the 

containment methods. When the building is ult imately removed al l  

contaminated demolit ion material and surface soils would go to a RCRA 

landfi l l .  The long term operation and maintenance for this 

alternative would include that required for the monitoring system and is 
described in Paragraph 4.1. 

The SO Alternative does not address the subsurface soils or the 

groundwater contamination except by institutional controls. 

EI—I—A1ternative: Surface and Subsurface Soil R/T/R; Level A 

Groundwater R/T/R; Structure Removal 

Description: The surface soil contaminated at levels greater than 550 

PPm total chromium is removed and treated to remove the chromium 

contaminant (Figure 4-5). This action mitigates the potential airborne 

as well as the surface soil problem. The subsurface soil identif ied as 

greater than 550 ppm chromium is also removed and treated by the same 

methods as the surface soils. Treated soils are disposed of at the site 

by backfi l l ing, compacting and grading. Groundwater is pumped from the 

Level A aquifer and treated to remove the chrome contaminants. The 

treated water is reinjected into the Level B aquifer. The structure on 

the site wil l  be completely removed including underlying contaminated 



tr ivalent chromium to hexavalent chromium in a soil slurry followed by 
soil separation. 

Soil would be stockpiled near the treatment facil i ty and fed into a 

conveyor belt and vibrating screen to separate the large material. The 

f i l l  area is expected to have a considerable amount of debris and the 

screen wil l  provide for heavy objects to be removed. Eff luent from the 

water treatment facil i ty wil l  be recycled and mixed with the soil to 

form a slurry. The slurry water wil l  be treated with an oxidizing agent 

such as hydrogen peroxide to mobil ize the chromium ions by conversion to 

hexavalent chromium. The makeup water from the water treatment system 

is expected to already be acidic, however the f low wil l  be monitored and 

provision made for pH adjustment as required. 

The soil wil l  be slurried and thoroughly mixed in a series of vessels. 

The slurry wil l  be fed into a multi-stage counter-current extractor to 

separate the soil from the chromium contaminated aqueous stream. The 

treated soil wil l  be replaced in the excavation. The aqueous stream 

wil l  be treated with l ime and clarif ied. The clarif ied sludge wil l  be 

dewatered with belt f i l ter presses. Polymer addit ion to the sludge is 

required before the f i l ter presses. The clarif ied effluent stream wil l  

also have polymer addit ion and f i l tration through a granular media 

f i l ter. That eff luent wil l  be introduced to the water treatment system 

just after the air stripping step. 

The plant wil l  be sized for approximately 40 tons of soil a day. This 

capacity is conservative because the high clay content of the subsurface 

soils renders the process very diff icult. Breaking down and treating 

consolidated clays is relatively impractical (EPA, 1983). At the rate 

identif ied soil treatment wil l  take at least 2 years. 

This process requires several chemicals to be stored on-site and fed to 

the system including acid (sulfuric or hydrochloric acid), an oxidizing 

agent (hydrogen peroxide), l ime and polymers. This complicated energy 
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intensive process is not a proven technology for clay soil. Its 

effective use has been l imited to granular soils only. 

The chromium contaminated aqueous stream is discharged to the water 

treatment system shown in Figure 4-7 after the air stripping step. The 

eff luent from the water system could be used as make-up water for the 

soil treatment system with minimal pH adjustment or addit ional 

f i l tration. The treatment process wil l  typically include a stockpile 

constructed with a subliner to prevent rainwater leachate from migrating 

into the surface soils, a loading hopper, a feed system to convey the 

soil into the process, the process i tself, and a discharge conveyor 

which transfers the treated soils to the stockpile. Other auxil iary 

equipment is required for the various processes such as acid, caustic 

and other reagent storage and feed systems, and backwash and/or 

regeneration equipment. A front end loader is also required to feed 

soil from the stockpile to the feed hopper. 

RT I - Well Field Design: The well f ield design consists of two phases 

of ejector wells in the Level A or "upper" transmissive zone (Figures 3-

2 and 3-3). The purpose is to reduce the chromium concentration in the 

groundwater within the Level A zone to the MCL of 0.05 ppm total 
chromium. 

Total discharge during phase 1 is estimated at 350 gpm (0.5 mgd) and 

during phase 2 is 750 gpm (1.0 mgd). Provision should be made for a 

f low of up to 1000 gpm (1.5 mgd) to add f lexibil i ty depending on actual 

concentrations and aquifer conditions encountered. 

Time estimates for each phase of pumping are only rough estimates. 

These estimates are based on volume and velocity, and indicate Phase 1 

should be concluded within one year or less. Equivalent aquifer volumes 

are pumped approximately every 30 days. However, due to large 

permeabil i ty contrasts within the upper zone, chromium contamination 

within the si l ty gravel fraction may be removed at a much slower rate. 
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This may require the installation of shallower wells which pump at a 

lower rate and do not penetrate the high permeabil i ty lens at the base 
of the "upper zone." 

Phase 2 pumping would be expected to last approximately 15 years. The 

monitoring program wil l  determine the actual duration. 

Pumping at the proposed well depth wil l  result in a majority of the 

groundwater being pumped from the high permeabil i ty gravel. This system 

may be inefficient in removing groundwater from the low permeabil i ty 

si l ty gravel, in which case a shallower well construction may also be 

required. Need for the shallower type of well may be identif ied during 
the pumping. 

The outlet of the pumps wil l  be connected through check valves to a 

common header which wil l  direct the water by pipeline to the storage 

basin of the water treatment facil i ty. There wil l  also be four 

injection wells dri l led up gradient from the plume in which water from 

the treatment facil i ty wil l  be reinjected in the groundwater. The 

pipelines from the ejector wells to the treatment facil i ty and from the 

facil i ty to the injection wells wil l  be buried in a subsurface trench to 
avoid freezing in winter. 

RT 1 -  Inject ion Well  Design; 

Injection of the treated groundwater (750-1000 gpm) into the Level B 

aquifer would be accomplished with four wells. The well f ield would be 

located approximately 1000 feet due west of the FHC site. A possible 

location is the east boundary of the Pearson Airport. A 50,000 gallon 

storage tank would be provided near the injection wells with f low and 

pressure regulated from the tank to the wells. 

The location of the wells is designed to minimize the effect on the 

movement of the plume. This eliminates areas to the north and south. 
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Additionally, the remedial action must not jeopardize the City of 

Vancouver's Water Well Station No. 4. Therefore, the wells are to be 

located west of the FHC site at a distance so that the increased head 

does not cause plume movement toward the east. The four wells wil l  be 

located at 400 feet spacings to create a 50% effective radius overlap. 

Each 12-inch well wil l  be constructed to a depth of approximately 70 

feet in order to inject the estimated volume of water. The number of 

wells allows for variations in assumed well eff iciencies and down t ime 

for well maintenance. 

Several operational problems can plague injection well systems. They 

include sand/silt clogging, air entrainment, clogging from 

precipitation, and bacterial growth. Granular media f i l tration should 

remove sand and si l t  sufficiently to control clogging. Air entrainment 

and consequent blockage of hydraulic conductivity by air bubbles is 

controlled by regulating the flow and pressure to the injection wells. 

Chemical precipitation is caused by changes in pH and calcium, iron 

and/or manganese concentrations. This is mitigated by adequate pH 

regulation and frequent resin regeneration. Bacterial growth is often 

stimulated by warmer water injection. Chemical treatment of injection 

water may be required. Frequent well maintenance for these and possibly 

other reasons wil l  be required. 

RT 1 - Water Treatment:  Extracted groundwater and eff luent from the 

soil treatment system wil l  be treated in a 1.5 mgd capacity on-site 

treatment facil i ty (Figure 4-7). Capacity wil l  accommodate both soil 

and groundwater treatment requirements. Soil treatment wil l  be 

completed within 1 to 2 years at a rate of approximately 1 mgd. During 

this period Phase 1 of groundwater extraction wil l  require 0.5 mgd (350 

gpm) capacity. The rate of soil treatment can be adjusted to assure 

that the treatment plant is not over loaded. 

The treatment of groundwater wil l  require removal of volati le organics 

and chromium contaminants. The organics wil l  be removed using air 
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stripping. Chromium contaminants wil l  be removed using ion exchange. 

Air stripping for organic and ion exchange for chrome are proven 

technologies and can meet the eff luent criteria of chronic aqquatic 

ambient water quality standards for each contaminant (see Table 3.1). 

The organics treatment step consists of four storage sumps, four pumps, 

two air stripping towers, two fans, and possibly two air preheaters 

fueled by propane. Water from the collection manifold is stored in a 

subsurface, 2000 gallon, concrete sump. A maximum of 500 gpm of water 

is pumped with a centrifugal pump to the top of each air stripping 

tower. The air stripping tower is similar to conventional cooling 

towers and wil l  consist of a f iberglass-covered metal framework 

containing a plastic packing medium. As water introduced near the top 

of the tower f lows downward through the packing, i t  contacts air f lowing 

upward. An induced draft fan in the tower stack draws in air at the 

bottom of the tower. Organic materials stripped from the water leave 

with the exit air stream. Organics wil l  be removed from the air emission 

by a carbon adsorption system. Carbon wil l  be regenerated off-site. 

Treated water continues to the inorganic phase of treatment. 

The most signif icant design parameter is the air-to-water ratio. The 

major air stripping design parameters are shown below for chloroform 

removal. These results for chloroform represent the largest set of data 

on air stripping. To correlate the data to the organic contaminants at 

FHC, the Henrys low coefficient for chloroform is approximately the same 

as PCE which is the most diff icult of the organics at the FHC site to 

air strip. 

4-15  



Air Stripping Tower 

Performance 

Air-to-water ratio 

Typical water loading, mgd/ft2 of tower 

cross-section 

Design superficial air velocity, 1 ft/sec 

based on empty tower cross-section 

Maximum superficial air velocity, 2.5 ft/sec 

based on empty tower 

Tower water pumps (one operating, one spare) 

total dynamic head, in feet 

Operating temperature, °F 

Tower volume, ft3/mgd 

Tower height, in feet 

Influent chloroform concentration, ppm 

Source: EPA, 1984 

65% Removal 

10 .1  

0.059 

1 . 0  

2.5 

30 

70-80 

340 

22 

10-800 

90% Removal 

100.1 

0.059 

1 . 0  

2.5 

30 

70-80 

3,400 

22 

10-800 

In the Level A aquifer zone the RI showed maximum concentrations of 
organics as fol lows: 

1,1,1 - Trichloroethane (TCA) 

Trichloroethylene (TCE) 

Tetrachloroethylene (PCE) 

Maximum 

210 ppb 

88 ppb 

6320 ppb 

Expected Influent. 

15 ppb 

6 ppb 

450 ppb 

The expected organic influent concentrations are calculated assuming the 

actual concentrations in a well wil l  be 50% of the maximum, measured and 

that only one of sevel Level A wells wil l  contain organics. Therefore, 

the influent concentrations are calculated to be 7% of the maximum 
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measured. The actual design of the air stripping towers wil l  be preceded 

by pi lot studies to determine tower dimensions and air to water f low 

rates. These parameters are determined primarily by the contaminant 

properties, the water f low rate, and the desired removal. Generally, 

the contaminant removal wil l  be 90-95 percent complete or higher. The 

organic contaminants present in the Frontier Hard Chrome site area are 

considered suitable to air stripping, as indicated by a Henry's Law 

coefficient in excess of 0.003. 

Compound 

1,1,1 - Tricholorethane (TCA) 

Trichloroethylene (TCE) 

Tetrachloroethylene (PCE) 

Henry's Law Coefficient (Atm m3/qmol) 

0.0180 

0.0100 

0.0083 

Consequently, the technology appears to be feasible and applicable to 

the FHC site conditions. 

The eff luent from the air stripping step wil l  be combined and treated 

with the eff luent from the soil treatment process. The soil treatment 

eff luent wil l  be f i l tered before the combination of f lows. 

The next water treatment step is based on ion exchange technology to 

remove the chromium and nickel ions. This is an often used and proven 

process in the electro plating industry. Ion exchange wil l  be able to 

meet the expected eff luent requirements for chromium. Some removal 

rates for metal ions of interest are shown: 
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Removal Data for Electroplating Wastewater Strpams 

Concentration, ug/1 Percent 

Pollutant/Parameter Influent Effluent Removal 

Toxic pollutants: 

Chromium 3,100 10 >99 
Chromium (+6) 7,100 10 >99 
Cyanide 9,800 40 99 
Nickel 5,200 Below Detection >99 

Source: EPA, 1980 

The FHC system would treat 1.5 mgd (1000 gpm) peak of contaminated water 

including wastewater from the soil treatment system. This assumes 0.5 

mgd for Phase 1 groundwater pumping and 1.0 mgd for the soil treatment 

process. Ult imately 1.5 mgd wil l  be needed for Phase 2 pumping. Given 

the high f low, hazardous waste considerations and the suspended solids 

potential from soil treatment eff luent, the ion exchange system would 

consist of two sets of two columns in series. The system would have the 

following conceptual design: 

Capacity Number of Columns Diameter Housing Total Storaop 

1,5 m9d 4 7 f t .  700 sq. f t .  2500 cu. f t .  

Ion exchange systems are commercially available from a number of 

vendors. The units are relatively compact and are not energy intensive. 

Start-up or shut-down can be accomplished easily and quickly. These 

features allow for convenient use of ion exchange in mobile treatment 
systems. 

Although exchange columns can be operated manually or automatically, 

manual operation is better suited for the FHC hazardous waste site 
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because of the diversity of wastes encountered. The operator can decide 

when to stop the service cycle and begin the backwash cycle. 

Use of dual ion exchange systems wil l  provide considerable f lexibil i ty. 

Ion exchange columns can be arranged in series to increase service-l i fe 

between regeneration or in parallel for maximum hydraulic capacity. The 

piping arrangement would allow for one system or column to be taken out 

for regeneration while the remaining columns would remain in service. 

The multiple column system wil l  also reduce the potential of contaminant 

breakthrough and discharge to groundwater or receiving body. 

The influent to the ion exchange process wil l  be pH adjusted with acid 

to a pH of 2 to 3 and treated with a reducing agent. A reaction vessel 

to assure adequate mixing wil l  precede the ion exchange. Caustic wil l  

be added to adjust the pH after ion exchange. Appropriate controls, 

feed and mixing systems wil l  be required. I f  reinjected the eff luent 

wil l  be f i l tered through granular media f i l tration. The f i l tration wil l  

reduce the possibil i ty of plugging injection wells. The sodium laden 

eff luent wil l  also have a tendency to change soil chemistry result ing in 

a precipitation reaction and clogging. 

Spent resin is estimated to be 50 tons annually. Regeneration results 

in another hazardous waste stream. The spent resin and hydrogen-cycle 

acidic regenerant wil l  be treated at a l icensed RCRA TSA facil i ty or 

recycled for metals recovery. Any solid residuals after treatment wil l  

be disposed in a RCRA permitted facil i ty, consistent with RCRA, HSWA, 

and 173-303 disposal requirements. 

RT 1 - Monitoring Program: The purpose of the monitoring program is to 

evaluate the effectiveness of the production wells in capturing the .05 

PPm chromium plume in the Level A groundwater. The monitoring system 

should include the two Level A monitoring wells in the area of W85-7A 
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arid W85-6A (see Figure 4-1). Continued monitoring of wells W87-9A/B, 

W8.6-10B and W86-11A/B wil l  determine i f  chromium is migrating towards 

City of Vancouver Well Field No. 4. 

Another purpose of the monitoring program is to determine i f  the 

alternative is effective in reducing chromium concentrations in Level A 

groundwater. Two addit ional wells should be installed in the area of 

the highest groundwater contamination within the uppermost 5 feet of 

al luvial material to evaluate i f  contaminated groundwater in the low 

permeabil i ty si l ty gravel is being f lushed. 

Additionally, the monitoring program must continue to monitor the 

chromium concentrations in the Level B groundwater. An eight-well 

monitoring system is proposed. The goal is to determine whether 

concentrations are declining because of dispersion or increasing because 

of continued downward vertical migration. All of these results wil l  be 

used to f ine tune the removal of groundwater. 

RT 1 - Structure Demolit ion: Under this alternative the building 

structure wil l  be demolished and removed from the site. Uncontaminated 

components of the building would be f irst removed followed by controlled 

demolit ion of the remaining parts including the building slab (Figure 4-

8). Contaminated components wil l  be removed to a RCRA landfi l l  or to a 

l ined landfi l l  with leachate collection (per 173-304 WAC). Underlying 

soil (300 cubic yards) would be treated as other surface soil. 

RT 1 - Institutional Controls-

The institutional controls pertinent to FHC include water wells, zoning 

and land use, and site access. The Planning and Development Department 

of the City of Vancouver is responsible for zoning designations. The 

zoning designation is currently l ight industrial (Figure 4-2). 

Continuation of industrial zoning would l imit residential and public 

land use. A sensit ive uevelopment zone overlay could be considered for 
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the FHC sphere of influence for both surface and subsurface 

contamination. The Building and Zoning Department has enforcement 

responsibil i t ies for city building and zoning code. Therefore i t  issues 

demolit ion and building permits based on applicable building codes, 

zoning ordinance, completion of an environmental checklist, and records 

f i led with the Department which could relate to environmental problems. 

For example, this system could be used to require removal of 

contaminated soil under the FHC structure i f  i t  was demolished. In 

general, the site could not be developed or modified without assurance 

that appropriate actions would be taken to mitigate the on-site 
contamination. 

The city water system is ful ly developed in the FHC area (Figure 4-3). 

The Water Coordination Act requires that al l  development of public water 

systems (two or more connections) including industry be approved by the 

water purveyor. In this case the City of Vancouver Public Works 

Department has a policy to serve al l areas within the city boundaries. 

The Coordinated Water System Plan developed by the Clark County Water 

Uti l i ty Coordinating Committee does not address private wells. 

The Groundwater Management Advisory Committee of Clark County was 

created under the provisions of the Groundwater Management Act (HB232). 

This local committee is developing a groundwater protection plan which 

potential ly would address private water user issues. Although local 

policy and plans have not yet been developed, this committee may provide 

the appropriate venue for developing policy to regulate private use of 

groundwater supplies which may be contaminated. Implementation of such 

a policy may be diff icult. 

RT 1A Alternative: Surface and Subsurface Soil R/T/R; Level A 

Groundwater R/T/R; Structure Removal 

RT 1A - Description; RT-1A is a variation of RT-1 where instead of 

soil treatment to remove the chromium, the soil is treated with a 
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stabil izer to immobil ize the chromium. The surface soil contaminated at 

levels greater than 550 ppm total chromium is removed and treated with a 

stabil izing reagent to immobile the chromium contaminant (Figure 4-5). 

This action mitigates the potential airborne, surface water and surface 

soil problems. The subsurface soil identif ied as greater than 550 ppm 

chromium is also removed and treated by the same methods as the surface 

soils. Treated soils are disposed of at the site by backfi l l ing, 

compacting, surface capping and grading. Groundwater is pumped from the 

Level A aquifer and treated to remove the chrome contaminants. The 

treated water is reinjected into the Level B aquifer. The structure on 

the site wil l  be completely removed including underlying contaminated 

soil. Periodic sampling and testing of the pumped groundwater at the 

treatment facil i ty and periodic sampling of the monitoring wells wil l  

provide the regulatory monitoring data. The fol lowing describes only 

the soil stabil ization treatment facil i ty and the testing program, al l  

other elements including the groundwater R/T/R and structure removal is 
identical to RT-1. 

RT 1A - Soil Stabil ization Treatment Facil i ty; A soil stabil ization 

treatment facil i ty wil l  be mobil ized at the site to treat soil at or 
above 550 ppm chromium. 

Excavated soils wil l  be hauled to a l ined stockpile from which the soil 

can be fed to a loading hopper. A vibratory screen or screens wil l  

separate the large rocks and debris from the soil to be treated. The 

soil is conveyed to a batch plant where i t  is measured and mixed with 

the various solidif ication components. 

The soils stabil ization process wil l  require the addit ion of water; a 

cementit ious f ixative (cement, pozzolan, l ime); a reducing agent and 

various proprietary chemicals. These must be added during the batch 

plant process in the precise proportions as determined in the pilot 
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testing. Both l iquid and solids storage and handling equipment wil l  be 

part of the process equipment. Their design and configuration would be 

dependent upon the proprietary method. 

The soil mixture may be mixed in a cement mixer, pug mil l ,  or rotary 

drum mixer. The result ing slurry must be hauled or pumped to a l ined 

excavation. The cementit ious slurry wil l  cure to form a cementit ious 

solid matrix. The solidif ied soil can be left in that location or 

hauled by a front end loader and truck to another location on site. 

The strength of the solidif ied soil may be in the range of 100-250 psi. 

The volume and weight of the treated soil could increase up to 50%. 

Appropriate design efforts to balance cut and f i l l  wil l  be taken when 

the actual increases are known. The topographic depression may provide 

an area to f i l l .  The construction would be staged so that the soil is 
handled eff iciently. 

As mentioned previously the areas backfi l led should be capped with a 

minimal functional standards cover to minimize the potential for 
leaching of the chromium. 

RT 1A - Testing Program 

The end product of soil stabil ization treatment should be tested for the 

appropriate physical and chemical characteristics. The design of the 

testing procedures wil l  come after the pilot testing and selection of 

the particular stabil ization technique. The end product of soil 

stabil ization could be a solid block resembling low-strength concrete 

which could be subjected to standard tests of physical properties so 

that i ts durabil i ty under f ield conditions can be predicted. In the 

case of FHC, the product wil l  probably be a fr iable or soil- l ike 

material that must be subjected to tests more typically used for soil-

cement. Chemical containment properties of stabil ized waste is 

diff icult to predict from physical tests. The testing program would 
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determine treated and untreated soil properties for porosity, 

permeabil i ty, wet and dry densit ies, particle size distribution, bulk 

properties, and durabil i ty. 

Chemical leach testing of stabil ized soil is recommended to predict i ts 

chemical stabil i ty. A great number of leach testing techniques are 

available. The major variables in the different procedures include the 

leaching solution characteristics, waste-to-leaching solution, t ime of 

contact, surface area of waste and agitation technique. No technique 

can duplicate the variable conditions that may be encountered. A 

conservative testing procedure should be devised to test the chemical 

leaching potential of the stabil ization method used. Three lysimeters 

should be installed to monitor the long term production of leachate and 

mobil i ty of chromium. 

RT 2 Alternative: Surface and Subsurface R/T/R; Groundwater R/T/D; 

Structure Removal 

RT 2 - Description: Alternative RT 2 (Figure 4-9) is identical to 

Alternative RT 1 except for the disposal of the treated groundwater. RT 

2 disposes of treated water to the Columbia River (Figure 4-10) by 

pumping to a new gravity sewer and r iver outfall structure. This 

requires treatment to chronic aquatic organism ambient water quality 

standards (0.011 mg/1 chrome). This alternative mitigates the potential 

airborne, soil and Level A groundwater contamination problems. The 

structure on the site wil l  be completely removed including underlying 

soil. Treated soils are disposed of at the site by backfi l l ing, grading 

and recompaction. Groundwater is pumped from the Level A zone and 

treated to remove the metals and organic contaminants. The treated 

water wil l  be discharged through a new sewer and outfall to the Columbia 

River. Periodic sampling and testing of the pumped groundwater at the 

treatment facil i ty and periodic sampling of the monitoring wells wil l  

provide the required monitoring data. The fol lowing describes the 

process and unit operations. 
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EI—Z—;—Fxcavation. The contaminated surface soil wil l  be removed by 

bulldozers and motor scrapers and stockpiled adjacent to the soils 

treatment facil i ty. The surface soil quantity is approximately 600 cu. 

yds. All stockpiled soil must be covered to prevent rainwater runoff 

contamination and air entrainment of contaminated material. There wil l  

be an addit ional 300 cubic yards of soil excavated from under the 
building after demolit ion. 

The subsurface contaminated soil wil l  be removed using a dragline or 

backhoe for the mass excavation to a depth of 20 feet. Loaders wil l  be 

used for cleanup. The excavation wil l  be shored with sheet pi l ing to 

protect nearby Richardson structure. Subsurface soil volumes with 

contamination above 550 ppm total chromium are estimated to be 6500 

cubic yards. Testing during the design phase wil l  determine actual 

quantit ies. Dump trucks wil l  transfer the contaminated soils to the 

stockpile adjacent to the soils treatment facil i ty. Soils less than 550 

ppm wil l  be stockpiled and later used as backfi l l .  These wil l  primarily 

comprise the soils between the surficial contaminant zone and ' the 
contamined clay zone. 

The treated soils wil l  be backhauled to the excavation by trucks and 

motor scrapers, then graded and compacted in l i f ts suitable for the soil 

type. Final grading of the site area wil l  be provided with a vegetation 

cover and graded with swales and slopes to provide soil stabil i ty and 
adequate runoff drainage. 

——2—:—Soils—Jreatment Facil i tv: A treatment facil i ty wil l  be 

constructed at the site to treat contaminated soils. The process f low 

is depicted in Figure 4-6 and consists primarily of oxidation of 

tr ivalent chromium to hexavalent chromium in a soil slurry followed by 
soil separation. 
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Soil would be stockpiled near the treatment facil i ty and fed into a 

conveyor belt and vibrating screen to separate the large material. The 

f i l l  area is expected to have a considerable amount of debris and the 

screen wil l  provide for heavy objects to be removed. Eff luent from the 

water treatment facil i ty wil l  be recycled and mixed with the soil to 

form a slurry. The slurry water wil l  be treated with an oxidizing agent 

such as hydrogen peroxide to mobil ize the chromium ions by conversion to 

hexavalent chromium. The makeup water from the water treatment system 

is expected to already be acidic, however the flow wil l  be monitored and 

provision made for pH adjustment as required. 

The soil wil l  be slurried and thoroughly mixed in a series of vessels. 

The slurry wil l  be fed into a multi-stage counter-current extractor to 

separate the soil from the chromium contaminated aqueous stream. The 

treated soil wil l  be replaced in the excavation. The aqueous stream 

wil l  be treated with l ime and clarif ied. The clarif ied sludge wil l  be 

dewatered with belt f i l ter presses. Polymer addit ion to the sludge is 

required before the f i l ter presses. The clarif ied effluent stream wil l  

also have polymer addit ion and f i l tration through a granular media 

f i l ter. That eff luent wil l  be introduced to the water treatment system 

just after the air stripping step. 

The plant wil l  be sized for approximately 40 tons of soil a day. This 

capacity is conservative because the high clay content of the subsurface 

soils renders the process very diff icult. Breaking down and treating 

consolidated clays is relatively impractical (EPA, 1983). At the rate 

identif ied, soil treatment wil l  take at least two years. 

This process requires several chemicals to be stored on-site and fed to 

the system, including acid (sulfuric or hydrochloric acid), an oxidizing 

agent (hydrogen peroxide), l ime and polymers. This complicated energy 

intensive process is not a proven technology for clay soil. Its 

effective use has been l imited to granular soils only. 
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The chromium contaminated aqueous stream is discharged to the water 

treatment system shown in Figure 4-7 after the air stripping step. The 

eff luent from the water system could be used as make-up water for the 

soil treatment system with minimal pH adjustment or addit ional 

f i l tration. The treatment process wil l  typically include a stockpile 

constructed with a subliner to prevent rainwater leachate from migrating 

into the surface soils, a loading hopper, a feed system to convey the 

soil into the process, the process i tself, and a discharge conveyor 

which transfers the treated soils to the stockpile. Other auxil iary 

equipment is required for the various processes such as acid, caustic 

and other reagent storage and feed systems, and backwash and/or 

regeneration equipment. A front end loader is also required to feed 

soil from the stockpile to the feed hopper. 

RT 2 - Well Field Design: The well f ield design consists of two phases 

of ejector wells in the Level A or "upper" transmissive zone (Figures 3-

2 and 3-3). The purpose is to reduce the chromium concentration in the 

groundwater within the Level A zone to the MCL of 0.05 ppm total 
chromium. 

Total discharge during Phase 1 is estimated at 350 gpm (0.5 mgd) and 

during Phase 2 is 750 gpm (1.0 mgd). Provision should be made for a 

f low of up to 1000 gpm (1.5 mgd) to add f lexibil i ty depending on actual 

concentrations and aquifer conditions encountered. 

Time estimates for each phase of pumping are only rough estimates. 

These estimates are based on volume and velocity, and indicate Phase 1 

should be concluded within one year or less. Equivalent aquifer volumes 

are pumped approximately every 30 days. However, due to large 

permeabil i ty contrasts within the upper zone, chromium contamination 

within the si l ty gravel fraction may be removed at a much slower rate. 
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This may require the installation of shallower wells which pump at a 

lower rate and do not penetrate the high permeabil i ty lens at the base 

of the "upper zone." 

Phase 2 pumping would be expected to last approximately 15 years. The 

monitoring program wil l  determine the actual duration. 

Pumping at the proposed well depth wil l  result in a majority of the 

groundwater being pumped from the high permeabil i ty gravel. This system 

may be inefficient in removing groundwater from the low permeabil i ty 

si l ty gravel in which case a shallower well construction may also be 

required. Need for the shallower type of well may be identif ied during 
the pumping. 

The outlet of the pumps wil l  be connected through check valves to a 

common header which wil l  direct the water by pipeline to the storage 

basin of the water treatment facil i ty. There wil l  also be four 

injection wells dri l led up gradient from the plume in which water from 

the treatment facil i ty wil l  be reinjected in the groundwater. The 

pipelines from the ejector wells to the treatment facil i ty and from the 

facil i ty to the injection wells wil l  be buried in a subsurface-trench to 

avoid freezing in winter. 

BL-2—- Water Treatment: Extracted groundwater and eff luent from the 

soil treatment system wil l  be treated in a 1.5 mgd capacity on-site 

treatment facil i ty (Figure 4-7). Capacity wil l  accommodate both soil 

and groundwater treatment requirements. Soil treatment wil l  be 

completed within 1-2 years at a rate of approximately 1 mgd. During 

this period Phase 1 of groundwater extraction wil l  require 0.5 mgd (350 

gpm) capacity. The rate of soil treatment can be adjusted to assure 

that the treatment plant is not over loaded. 

The treatment of groundwater wil l  require removal of volati le organics 

and chromium contaminants. The organics wil l  be removed using air 
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stripping. Chromium contaminants wil l be removed using ion exchange. 

Air stripping for organic and ion exchange for chrome are proven 

technologies and can meet the effluent criteria of chronic aqquatic 

ambient water quality standards for each contaminant (see Table 3.1). 

The organics treatment step consists of four storage sumps, four pumps, 

two air stripping towers, two fans, and possibly two air preheaters 

fueled by propane. Water from the collection manifold is stored in a 

subsurface, 2000 gallon, concrete sump. A maximum of 500 gpm of water 

is pumped with a centrifugal pump to the top of each air stripping 

tower. The air stripping tower is similar to conventional cooling 

towers and wil l consist of a f iberglass-covered metal framework 

containing a plastic packing medium. As water introduced near the top 

of the tower flows downward through the packing, i t  contacts air flowing 

upward. An induced draft fan in the tower stack draws in air at the 

bottom of the tower. Organic materials stripped from the water leave 

with the exit air stream. Organics wil l be removed from the air emission 

by a carbon adsorption system. Carbon wil l be regenerated off-site. 

Treated water continues to the inorganic phase of treatment. 

The most significant design parameter is the air-to-water ratio. The 

major air stripping design parameters are shown below for chloroform 

removal. These results for chloroform represent the largest set of data 

on air stripping. To correlate the data to the organic contaminants at 

FHC, the Henry's low coefficient for chloroform is approximately the 

same as PCE which is the most diff icult of the organics at the FHC site 
to air strip. 
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Air Stripping Tower 

Performance 65% Removal 90% Removal 

Air-to-water ratio 10.l 

Typical water loading, mgd/ft2 of tower 

cross-section 0.059 

Design superficial air velocity, 1 ft/sec 

based on empty tower cross-section 1.0 

Maximum superficial air velocity, 2.5 ft/sec 

based on empty tower 2.5 

Tower water pumps (one operating, one spare) 

total dynamic head, in feet 30 

Operating temperature, °F 70-80 

Tower volume, ft3/mgd 340 

Tower height, in feet 22 

Influent chloroform concentration, ppm 10-800 

100.1  

0.059 

1 . 0  

2.5 

30 

70-80 

3,400 

22 

10-800 

Source: EPA, 1984 

In the Level A aquifer zone the RI showed maximum concentrations of 

organics as follows: 

Maximum 

1,1,1 - Trichloroethane (TCA) 210 ppb 

Trichloroethylene (TCE) 88 ppb 

Tetrachloroethylene (PCE) 6320 ppb 

Expected Influent 

15 ppb 

6 ppb 

450 ppb 

The expected organic influent concentrations are calculated assuming th< 

actual concentrations in a well wil l be 50% of the maximum measured an< 

that only one of sevel Level A wells wil l contain organics. Therefore 

the influent concentrations are calculated to be 7% of the maximur 
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measured. The actual design of the air stripping towers wil l be preceded 

by pilot studies to determine tower dimensions and air to water flow 

rates. These parameters are determined primarily by the contaminant 

properties, the water flow rate, and the desired removal. Generally, 

the contaminant removal wil l be 90-95 percent complete or higher. The 

organic contaminants present in the Frontier Hard Chrome site area are 

considered suitable to air stripping, as indicated by a Henry's Law 

coefficient in excess of 0.003. 

Compound 

1,1,1 - Tricholorethane (TCA) 

Trichloroethylene (TCE) 

Tetrachloroethylene (PCE) 

Henry's Law Coefficient (Atm m3/qmol) 

0.0180 

0.0100 

0.0083 

Consequently, the technology appears to be feasible and applicable to 

the FHC site conditions. 

The effluent from the air stripping step wil l be combined and treated 

with the effluent from the soil treatment process. The soil treatment 

effluent wil l be f i l tered before the combination of flows. 

The next water treatment step is based on ion exchange technology to 

remove the chromium and nickel ions. This is an often used and proven 

process in the electro plating industry. Ion exchange wil l be able to 

meet the expected effluent requirements for chromium. Some removal 

rates for metal ions of interest are shown below: 
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Removal—Data for Electroplating Wastewater Streams 

Concentration, ug/1 Percent 
Pol 1utant/Parameter Influent Effluent Removal 

Toxic pollutants: 

Chromium 3,100 10 >99 
Chromium (+6) 7,100 10 >99 
Cyanide 9,800 40 99 
Nickel 5,200 Below Detection >99 

Source: EPA, 198u 

The FHC system would treat 1.5 mgd (1000 gpm) peak of contaminated water 

including wastewater from the soil treatment system. This assumes 0.5 

mgd for Phase 1 groundwater pumping and 1.0 mgd for the soil treatment 

process. Ultimately 1.5 mgd wil l be needed for Phasse 2 pumping. Given 

the high flow, hazardous waste considerations and the suspended solids 

potential from soil treatment effluent, the ion exchange system would 

£ consist of two sets of two columns in series. The system would have the 
following conceptual design: 

Capac1tY Number of Columns Diameter Housing Total Stnraap 

1,5 mgd 4 7 ft- 700 sq. ft. 2500 cu. ft. 

Ion exchange systems are commercially available from a number of 

vendors. The units are relatively compact and are not energy intensive. 

Start-up or shut-down can be accomplished easily and quickly. These 

features allow for convenient use of ion exchange in mobile treatment 
systems. 

Although exchange columns can be operated manually or automatically, 

manual operation is better suited for the FHC hazardous waste site 
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because of the diversity of wastes encountered. The operator can decide 

when to stop the service cycle and begin the backwash cycle. 

Use of dual ion exchange systems wil l provide considerable f lexibil ity. 

Ion exchange columns can be arranged in series to increase service-life 

between regeneration or in parallel for maximum hydraulic capacity. The 

piping arrangement would allow for one system or column to be taken out 

for regeneration while the remaining columns would remain in service. 

The multiple column system wil l also reduce the potential of contaminant 

breakthrough and discharge to groundwater or receiving body. 

The influent to the ion exchange process wil l be pH adjusted with acid 

to a pH of 2 to 3 and treated with a reducing agent. A reaction vessel 

to assure adequate mixing wil l precede the ion exchange. Caustic wil l 

be added to adjust the pH after ion exchange. Appropriate controls, 

feed and mixing systems wil l be required. If reinjected, the effluent 

wil l be f i l tered through granular media f i l tration. The f i l tration will 

reduce the possibil ity of plugging injection wells. The sodium laden 

effluent wil l also have a tendency to change soil chemistry resulting in 

a precipitation reaction and clogging. 

Spent resin is estimated to be 50 tons annually. Regeneration results 

in another hazardous waste stream. The spent resin and hydrogen-cycle 

acidic regenerant wil l be treated at a l icensed RCRA TSA facil ity or 

recycled for metals recovery. Any solid residuals after treatment wil l 

be disposed in a RCRA permitted facil ity, consistent with RCRA, HSWA, 

and 173-303 disposal requirements. 

RT 2 - Effluent Disposal: The treated water wil l be discharged via a 

new 4500 foot gravity sewer and outfall structure to the Columbia River 

(Figure 4-10). The 15-inch diameter sewer wil l follow public right-of-
way as much as possible. 
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The sewer wil l cross a major highway and a railroad. Easements on the 

east and south of the Pearson Airport wil l need to be obtained. Other 

easements on private property may be required. The route selected 

minimized right-of-way acquisition as much as possible. The outfall 

structure wil l extend into the mixing zone of the river to disperse the 

effluent to minimize the local effect of the treated water. 

Although permits wil l not be required, the intent of all applicable 

permit requirements wil l be fulf i l led. 

RT 2 - Monitoring Program: The purpose of the monitoring program is to 

evaluate the effectiveness of the production wells in capturing the .05 

PPm chromium plume in the Level A groundwater. The monitoring system 

should include the two Level A monitoring wells in the area of W85-7A 

and W85-6A (see Figure 4-1). Continued monitoring of wells W87-9A/B, 

W86-10B and W86-11A/B wil l determine i f chromium is migrating towards 

City of Vancouver Well Field No. 4. 

Another purpose of the monitoring program is to determine i f the 

alternative is effective in reducing chromium concentrations in Level A 

groundwater. Two additional wells should be installed in the area of 

the highest groundwater contamination within the uppermost 5 feet of 

alluvial material to evaluate i f contaminated groundwater in the low 

permeability silty gravel is being flushed. 

Additionally, the monitoring program must continue to monitor the 

chromium concentrations in the Level B groundwater. An eight-well 

monitoring system is proposed. The goal is to determine whether 

concentrations are declining because of dispersion or increasing because 

of continued downward vertical migration. All of these results wil l be 

used to fine tune the removal of groundwater. 
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RT 2 - Structure Demolition: Under this alternative the building 

structure wil l be demolished and removed from the site. Uncontaminated 

components of the building would be f irst removed, followed by 

controlled demolit ion of the remaining parts including the building slab 

(Figure 4-9). Contaminated components wil l be removed to a RCRA 

landfil l. Underlying soil (300 cubic yards) would be treated as other 

surface soil. 

RT 2 - Institutional Controls: 

The institutional controls pertinent to FHC include water wells, zoning 

and land use, and site access. The Planning and Development Department 

of the City of Vancouver is responsible for zoning designations. The 

zoning designation is currently l ight industrial (Figure 4-2). 

Continuation of industrial zoning would l imit residential and public 

land use. A sensitive development zone overlay could be considered for 

the FHC sphere of influence for both surface and subsurface 

contamination. The Building and Zoning Department has enforcement 

responsibil it ies for city building and zoning code. Therefore i t issues 

demolit ion and building permits based on applicable building codes, 

zoning ordinance, completion of an environmental checklist, and records 

f i led with the Department which could relate to environmental problems. 

For example, this system could be used to require removal of 

contaminated soil under the FHC structure i f i t was demolished. In 

general, the site could not be developed or modified without assurance 

that appropriate actions would be taken to mitigate the on-site 

contamination. 

The city water system is fully developed in the FHC area (Figure 4-3). 

The Water Coordination Act requires that all development of public water 

systems (two or more connections) including industry be approved by the 

water purveyor. In this case the City of Vancouver Public Works 

Department has a policy to serve all areas within the City boundaries. 
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The Coordinated Water System Plan developed by the Clark County Water 

Uti l i ty Coordinating Committee does not address private wells. 

The Groundwater Management Advisory Committee of Clark County was 

created under the provisions of the Groundwater Management Act (HB232). 

This local committee is developing a groundwater protection plan which 

potentially would address private water users. Although local policy 

and plans have not yet been developed, this committee may provide the 

appropriate venue for developing policy to regulate private use of 

groundwater supplies which may be contaminated. Implementation of such 
a policy may be diff icult. 

RT 2A Alternative: Surface and Subsurface Soil R/T/R; Level A 

Groundwater R/T; Structure Removal 

RT 2A - Description: RT-2A is a variation of RT-2 where instead of 

soil treatment to remove the chromium, the soil is treated with a 

stabil izer to immobilize the chromium. The surface soil contaminated at 

levels greater than 550 ppm total chromium is removed and treated with a 

stabil izing reagent to immobile the chromium contaminant (Figure 4-5). 

This action mitigates the airborne, surface water and surface soil 

problems. The subsurface soil identif ied as greater than 550 ppm 

chromium is also removed and treated by the same methods as the surface 

soils. Treated soils are disposed of at the site by backfil l ing, 

compacting surface capping and grading. Groundwater is pumped from the 

Level A aquifer and treated to remove the chrome contaminants. RT-2A 

disposes of treated water to the Columbia River (Figure 4-10) by a new 

gravity sewer and river outfall structure. This requires treatment to 

chronic aquatic or ambient water quality standards (0.011 mg/1 Cr). The 

structure on the site wil l be completely removed including underlying 

contaminated soil. Periodic sampling and testing of the pumped 

groundwater at the treatment facil ity and periodic sampling of the 

monitoring wells wil l provide the regulatory monitoring data. The 
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following describes only the soil stabil ization treatment facil ity and 

the testing program, all other elements including the groundwater R/T/D 

and structure removal is identical to RT-2. 

RT 2A - Soil Stabil ization Treatment Facil ity A soil stabil ization 

treatment facil ity wil l be mobilized at the site to treat soil with or 

above 550 ppm chromium. 

Excavated soils wil l be hauled to a l ined stockpile from which the soil 

can be fed to a loading hopper. A vibratory screen or screens wil l 

separate the large rocks and debris from the soil to be treated. The 

soil "s conveyed to a batch plant where i t  is measured and mixed with 

the various solidification components. 

The soils stabil ization process wil l require the addition of water; a 

cementitious fixative (cement, pozzolan, l ime); a reducing agent and 

various proprietary chemicals. These must be added during the batch 

plant process in the precise proportions as determined in the pilot 

testing. Both l iquid and solids storage and handling equipment wil l be 

part of the process equipment. Their design and configuration would be 

dependent upon the proprietary method. 

The soil mixture may be mixed in a cement mixer, pug mill, or rotary 

drum mixer. The resulting slurry must be hauled or pumped to a l ined 

excavation. The cementitious slurry wil l cure to form a cementitious 

solid matrix. The solidif ied soil can be left in that location or 

hauled by a front end loader and truck to another location on site. 

The strength of the solidified soil may be in the range of 100-250 psi. 

The volume and weight of the treated soil could increase up to 50%. 

Appropriate design efforts to balance cut and f i l l  wil l be taken when 

the actual increases are known. The topographic depression may provide 

an area to f i l l . The construction would be staged so that the soil is 
handled efficiently. 
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As mentioned previously the areas backfil led should be capped with a 

minimal functional standards cover to minimize the potential for 
leaching of the chromium. 

RT 2A - Testing Program 

The end product of soil stabil ization treatment should be tested for the 

appropriate physical and chemical characteristics. The design of the 

testing procedures wil l come after the pilot testing and selection of 

the particular stabil ization technique. The end product of soil 

stabil ization could be a solid block resembling low-strength concrete 

which could be subjected to standard tests of physical properties so 

that its durabil ity under f ield conditions can be predicted. In the 

case of FHC, the product wil l probably be a fr iable or soil-l ike 

material that must be subjected to tests more typically used for soil-

cement. Chemical containment properties of stabil ized waste is 

diff icult to predict from physical tests. The testing program would 

determine treated and untreated soil properties for porosity, 

permeability, wet and dry densities, particle size distribution, bulk 

properties, and durabil ity. 

Chemical leach testing of stabil ized soil is recommended to predict i ts 

chemical stabil ity. A great number of leach testing techniques are 

available. The major variables in the different procedures include the 

leaching solution characteristics, waste-to-leaching solution, time of 

contact, surface area of waste and agitation technique. No technique 

can duplicate the variable conditions that may be encountered. A 

conservative testing procedure should be devised to test the chemical 

leaching potential of the stabil ization method used. Three lysimeters 

should be installed to monitor the long term production of leachate and 
mobility of chromium. 
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RD 1 Alternative: Surface and Subsurface Soil R/D; Groundwater R/T/R; 
Structure Removal 

RP 1 - Description: Alternative RD-1 (Figure 4-11) is identical to 

Alternative RT-1, except instead of treatment of the removed soil, all 

contaminated soil wil l be either disposed of on-site (Figure 4-12) or 

off-site as dictated by i ts hazardous waste designation. In RD-1 the 

assumption is 50% of the soils wil l be designated dangerous waste. 

These designated soils wil l be removed and hauled to a RCRA disposal 

site. The other 50% of the removed soils wil l be disposed in an on-site 

landfil l conforming to minimal functional standards (WAC 173-304). New 

clean f i l l  will be brought to the site to replace the excavated soils. 

The actual volumes of contaminated soil to be disposed of on-site and 

off-site wil l be determined by testing during the design phase. This 

alternative mitigates the airborne as well as the surface soil problem. 

The subsurface and surface soils identif ied as greater than 550 ppm 

chromium are removed. The structure on the site wil l be completely 

removed including underlying soil. Groundwater is pumped from the Level 

A aquifer and treated to remove the chrome contaminants. The treated 

water is injected into the Level B aquifer. Periodic sampling and 

testing of the pumped groundwater at the treatment facil ity and periodic 

sampling of the monitoring wells wil l provide the regulatory monitoring 

data. The following describes the process and unit operations. 

RD 1 - Civil Site Work: The contaminated surface soil wil l be removed 

by bulldozers and motor scrapers. Soil classified as dangerous waste 

per Chaper 173-303 WAC wil l be transported as required to a RCRA 

disposal site. The remaining non-hazardous material wil l be placed in 

an on-site f i l l  constructed to minimum functional standards (WAC 173-

304) unless a landfil l meeting WAC 173-304 is operating in the area. 

The cost of this alternative would include replacing the removed soil 

with clean backfil l , a landfil l cap, and monitoring of the on-site 
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landfil l. Final grading of the site area wil l be provided with a 

vegetation cover and graded with swales and slopes to provide soil 

stabil ity and adequate surface water runoff drainage. 

RD 1 - Excavation: The contaminated surface soil wil l be removed by 

bulldozers and motor scrapers and transferred to the on-site landfil l. 

The surface soil quantity is approximately 600 cu. yds. An additional 

300 cu. yds. wil l be excavated from under the structure after 

demolit ion. 

The subsurface contaminated soil wil l be removed using a dragline or 

backhoe for the mass excavation to a depth of 20 feet and loaders for 

cleanup. Subsurface soil volumes with contamination above 550 ppm total 

chromium are expected to be about 6500 cubic yards. Testing during the 

design phase wil l determine actual quantit ies. 

RD 1 - Off-Site Disposal: The contaminated surface and subsurface soils 

are estimated to total about 7000 cu. yds. The contaminated building 

demolit ion debris is about 1201 tons. The disposal of contaminated 

materials off-site would be governed by WAC 173-303 and 173-304. Waste 

designated as dangerous wil l be disposed in a RCRA type facil ity such as 

Chem Securities landfil l in Arlington, Oregon. The assumption is that 

one-half of the waste from Frontier Hard Chrome wil l be designated 

hazardous waste per WAC 173-303. Consequently testing of the waste wil l 

be conducted during the design phase. Waste not designated as dangerous 

wil l be disposed of on-site in a double l ined facil ity unless a landfil l 

meeting WAC 173-304 is operational in the area. 

RCRA manifest requirements WAC 173-303 must be complied with for all 

wastes that are shipped off-site. Disposal must comply with RCRA 

requirements under WAC-303 and the generator should comply with 

applicable hazardous waste generator requirements under WAC 173-303. In 

addition, the generator should ensure that the facil ity selected to 

receive the wastes is in compliance with all applicable federal and 
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state environment and public health statutes. Under WAC 173-303, RCRA 

storage and disposal facil it ies are required to notify the generator, in 

writing, that they are capable of managing the wastes. The generator 

must keep a copy of this written notif ication on f i le as part of the 

operating record. 

The nearest approved facil ity would be the Chem Securities facil ity in 

Arlington, Oregon. The contaminated soil would be transported in 20 ton 

dump trucks in bulk. Complete sealing (wrap) of the soil would be 
required. 

RQ_i—- On-Site Landfil l: Contaminated soil not determined to be a 

dangerous waste per WAC 173-303 wil l be disposed in an on-site landfil l 

meeting the requirements of WAC 173-304 unless an operating landfil l 

meeting WAC 173-304 is operational in the area. Generally the design of 

this landfil l wil l follow the guidelines in the Solid Waste Landfil l 
Design Manual. 

The estimated quantity of soil contaminated in excess of 550 ppm is 

about 7000 cubic yards, most of which is clayed silt material. 

Approximately one-half is assumed to be disposed on-site for the cost 

estimate. I t is assumed that all would be disposed on-site for purposes 

of sizing the landfil l as shown on Figure 4-11. This quantity of 

material could easily be accommodated on the Frontier Hard Chrome site. 

Figure 4.12 shows a section of the proposed landfil l with leachate 

collection/monitoring system and a l iner leak detection system. 

The 3-inch asphalt concrete cap is sloped at 2 percent grade to control 

rainfall runoff by using a traffic rated cap. Site traffic use would 

not be restricted. The surface area could be used for storage and other 

purposes. The 4-inch layer of drainage gravel below the asphalt would 

allow water that could possibly seep through cracks in the asphalt to 

migrate horizontally off the landfil l area. Any remaining moisture 
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would be prevented from percolating downward by the 50 mil. synthetic 

membrane and 2-foot layer of clay, which would have a permeability of 

not more than 10"6 cm/sec. 

The f i l ter fabric between the contaminated soil and the leachate 

collection system is to prevent soil from migrating downward into the 

leachate system. A leak detection system is proposed below the 

impervious 50 mil. synthetic l iner. The leak detection monitoring 

network wil l include a separate monitoring point within each of f ive 

separate landfil l cells. This wil l allow more accurate identif ication 

of a leak source within the landfil l. 

WelJ—Field Design: The well f ield design consists of two phases of 

ejector wells in the Level A or "upper" transmissive zone as described 

in section 3.1.1.5. The purpose is to reduce the chromium concentration 

in the groundwater within the upper zone to less than .05 ppm. 

Total discharge during Phase 2 is estimated at 750 gpm. Provision 

should be made for a flow of up to 1000 gpm to add f lexibil ity depending 

on actual concentrations and aquifer conditions encountered. 

Time estimates for each phase of pumping are only rough estimates. 

These estimates are based on volume and velocity and indicate phase 1 

should be concluded within one year or less (equivalent volumes are 

pumped approximately every 30 days). However, due to large permeability 

contrasts within the upper zone, chromium contamination within the silty 

gravel fraction may be removed at a much slower rate. This may require 

the installation of shallower wells which pump at a lower rate and do 

not penetrate the high permeability lens at the base of the "upper 
zone." 

Phase 2 pumping would be expected to last approximately 15 years. The 

monitoring program will determine the actual duration. 
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Pumping at the proposed well depth wil l result in a majority of the 

groundwater to be withdrawn from the high permeability gravel. This 

system may be inefficient in removing groundwater from the low 

permeability silty gravel in which case a shallower well construction 

may also be required. Analysis of the overall stratigraphy indicates 

the shallow well type wil l not be required. However, need for the 

shallower type of well may be identif ied during the pumping. 

i 

The outlet of the pumps wil l be connected through check valves to a 

common header which wil l direct the water by pipeline to the storage 

basin of the water treatment facil ity. There wil l also be four 

injection wells dril led up gradient from the plume in which water from 

the treatment facil ity wil l be reinjected. The pipelines from the 

ejector wells to the treatment facil ity and from the facil ity to the 

reinjected wells wil l be buried in a subsurface trench to avoid freezing 
in winter. 

RD 1 - Injection Well Design: 
/ 

Reinjection of the treated groundwater (750-1000 gpm) into the Level B 

aquifer would be accomplished with four wells. The well f ield would be 

located approximately 1000 feet due west of the FHC site. A possible 

location is the east boundary of the Pearson Airport. A 50,000 gallon 

storage tank would be provided near the injection wells with flow and 

pressure regulated from the tank to the wells. 

The location of the wells is designed to minimize the effect on the 

movement of the plume. This eliminates areas to the north and south. 

Additionally, the remedial action must not jeopardize the City of 

Vancouver's Water Well Station No. 4. Therefore the wells are to be 

located west of the FHC site at a distance so that the increased head 

does not cause plume movement toward the east. The four wells wil l be 

located at 400 feet spacings to create a 50% effective radius overlap. 

Each 12-inch well wil l be constructed to a depth of approximately 70 
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feet in order to inject the estimated volume of water. The number of 

wells allows for variations in assumed well efficiencies and down time 
for well maintenance. 

Several operational problems can plague injection well systems. They 

include sand/silt clogging, air entrainment, chemical precipitation, and 

bacterial growth. Granular media f i l tration should remove sand and si lt 

sufficiently to control clogging. Air entrainment and consequent 

blockage of hydraulic conductivity by air bubbles is controlled by 

regulating the flow and pressure to the injection wells. Chemical 

precipitation is caused by changes in pH and calcium, iron and/or 

manganese concentrations. This is mitigated by adequate pH regulation 

and frequent resin regeneration. Bacterial growth is often stimulated 

by warmer water injection. Chemical treatment of injection water may be 

required. Frequent well maintenance for these and possibly other 

reasons wil l be required. 

RD 1 - Water Treatment: Extracted groundwater wil l be treated in a 1.5 

mgd capacity on-site treatment facil ity (Figure 4-7). 

The treatment of groundwater wil l require removal of volati le organics 

and chromium contaminants. The organics wil l be removed using air 

stripping. Chromium contaminants wil l be removed using ion exchange. 

Air stripping for organic and ion exchange for chrome are proven 

technologies and can meet the effluent criteria of chronic aqquatic 

ambient water quality standards for each contaminant (see Table 3.1). 

The organics treatment step consists of four storage sumps, four pumps, 

two air stripping towers, two fans, and possibly two air preheaters 

fueled by propane. Water from the collection manifold is stored in a 

subsurface, 2000 gallon, concrete sump. A maximum of 500 gpm of water 

is pumped with a centrifugal pump to the top of each air stripping 

tower. The air stripping tower is similar to conventional cooling 

towers and wil l consist of a f iberglass-covered metal framework 
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containing a plastic packing medium. As water introduced near the top 

of the tower flows downward through the packing, i t  contacts air flowing 

upward. An induced draft fan in the tower stack draws in air at the 

bottom of the tower. Organic materials stripped from the water leave 

with the exit air stream. Organics wil l be removed from the air emission 

by a carbon adsorption system. Carbon wil l be regenerated off-site. 

Treated water continues to the inorganic phase of treatment. 

The most significant design parameter is the air-to-water ratio. The 

major air stripping design parameters are shown below for chloroform 

removal. These results for chloroform represent the largest set of data 

on air stripping. To correlate the data to the organic contaminants at 

FHC, the Henrys low coefficient for chloroform is approximately the same 

as PCE which is the most diff icult of the organics at the FHC site to 
air strip. 

Air Stripping Tower 

Performance i  

Air-to-water ratio 

Typical water loading, mgd/ft2 of tower 

cross-section 

Design superficial air velocity, 1 ft/sec 

based on empty tower cross-section 

Maximum superficial air velocity, 2.5 ft/sec 

based on empty tower 

Tower water pumps (one operating, one spare) 

total dynamic head, in feet 

Operating temperature, °F 

Tower volume, ft3/mgd 

Tower height, in feet 

Influent chloroform concentration, ppm 

65% Removal 90% Removal 

10 .1  100 .1  

0.059 0.059 

1 - 0  1 . 0  

2.5 2.5 

30 30 

70-80 70-80 

340 3,400 

22 22 

10-800 10-800 
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Source: EPA, 1984 

In the Level A aquifer zone the RI showed maximum concentrations of 
organics as follows: 

The expected organic influent concentrations are calculated assuming the 

actual concentrations in a well wil l be 50% of the maximum measured and 

that only one of sevel Level A wells wil l contain organics. Therefore, 

the influent concentrations are calculated to be 7% of the maximum 

measured. The actual design of the air stripping towers wil l be preceded 

by pilot studies to determine tower dimensions and air to water flow 

rates. These parameters are determined primarily by the contaminant 

properties, the water flow rate, and the desired removal. Generally, 

the contaminant removal wil l be 90-95 percent complete or higher. The 

organic contaminants present in the Frontier Hard Chrome site area are 

considered suitable to air stripping, as indicated by a Henry's Law 
coefficient in excess of 0.003. 

Compound Henry's Law Coefficient (Atm m3/gmo1) 

1,1,1 - Tricholorethane (TCA) 0.0180 

Trichloroethylene (TCE) 0.0100 

Tetrachloroethylene (PCE) 0.0083 

Consequently, the technology appears to be feasible and applicable to 
the FHC site conditions. 

Maximum Expected In f lupnt  

1,1,1 - Trichloroethane (TCA) 

Trichloroethylene (TCE) 

Tetrachloroethylene (PCE) 

210 ppb 

88 ppb 

6320 ppb 

15 ppb 

6 ppb 

450 ppb 
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The next water treatment step is based on ion exchange technology to 

remove the chromium and nickel ions. This is an often used and proven 

process in the electro plating industry. Ion exchange wil l be able to 

meet the expected effluent requirements for chromium. Some removal 

rates for metal ions of interest are shown: 

Removal Data for Electroplating Wastewater Streams 

Concentration, ug/1 Percent 

Pollutant/Parameter Influent Effluent Removal 

Toxic pollutants: 

Chromi urn 3,100 10 >99 
Chromium (+5) 7,100 10 >99 
Cyanide 9,800 40 99 
Nickel 6,200 Below Detection >99 

Source: EPA, 1980 

The FHC system would treat 1.5 mgd (1000 gpm) peak of contaminated 

water. Given the high flow and hazardous waste considerations, the ion 

exchange system would consist of two sets of two columns in series. The 

system would have the following conceptual design: 

Capacity Number of Columns Diameter Housing Total Storage 

1,5 4 7 ft. 700 sq. ft. 2500 cu. ft. 

Ion exchange systems are commercially available from a number of 

vendors. The units are relatively compact and are not energy intensive. 

Start-up or shut-down can be accomplished easily and quickly. These 

features allow for convenient use of ion exchange in mobile treatment 
systems. 
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Although exchange columns can be operated manually or automatically, 

manual operation is better suited for the FHC hazardous waste site 

because of the diversity of wastes encountered. The operator can decide 

when to stop the service cycle and begin the backwash cycle. 

Use of dual ion exchange systems wil l provide considerable f lexibil ity. 

Ion exchange columns can be arranged in series to increase service-life 

between regeneration or in parallel for maximum hydraulic capacity. The 

piping arrangement would allow for one system or column to be taken out 

for regeneration while the remaining columns would remain in service. 

The multiple column system wil l also reduce the potential of contaminaht 

breakthrough and discharge to groundwater or receiving body. 

The influent to the ion exchange process wil l be pH adjusted with acid 

to a pH of 2 to 3 and treated with a reducing agent. A reaction vessel 

to assure adequate mixing wil l precede the ion exchange. Caustic wil l 

be added to adjust the pH after ion exchange. Appropriate controls, 

feed and mixing systems wil l be required. If reinjected the effluent 

wil l be f i l tered through granular media f i l tration. The f i l tration will 

reduce the possibil ity of plugging injection wells. The sodium laden 

effluent wil l also have a tendency to change soil chemistry resulting in 

a precipitation reaction and clogging. 

Spent resin is estimated to be 50 tons annually. Regeneration results 

in another hazardous waste stream. The spent resin and hydrogen-cycle 

acidic regenerant wil l be treated at a l icensed RCRA TSA facil ity or 

recycled for metals recovery. Any solid residuals after treatment wil l 

be disposed in a RCRA permitted facil ity, consistent with RCRA, HSWA, 

and 173-303 disposal requirements. 

RD 1 - Structure Demo!ition: Under this alternative the building 

structure wil l be demolished and removed from the site. Uncontaminated 

components of the building would be f irst removed, followed by 
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controlled demolit ion of the remaining parts including the building slab 

(Figure 4-9). Contaminated components wil l be removed to a RCRA 

landfil l. Underlying soil (300 cubic yards) would be treated as other 
surface soil. 

RP 1 - Monitoring Program: The purpose of the monitoring program is to 

evaluate the effectiveness of the production wells in capturing the .05 

ppm chromium plume in the Level A groundwater. The monitoring system 

should include the two Level A monitoring wells in the area of W85-7A 

and W85-5A (see Figure 4-1). Continued monitoring of wells W87-9A/B, 

W86-10B and W86-11A/B wil l determine i f chromium is migrating towards 

City of Vancouver Well Field No. 4. 

Another purpose of the monitoring program is to determine i f the 

alternative is effective in reducing chromium concentrations in Level A 

groundwater. Two additional wells should be installed in the area of 

the highest groundwater contamination within the uppermost 5 feet of 

alluvial material to evaluate i f contaminated groundwater in the low 

permeability silty gravel is being flushed. 

Additionally, the monitoring program must continue to monitor the 

chromium concentrations in the Level B groundwater. An eight-well 

monitoring system is proposed. The goal is to determine whether 

concentrations are declining because of dispersion or increasing because 

of continued downward vertical migration. All of these results wil l be 

used to fine tune the removal of groundwater. 

RD 1 - Institutional Controls: 

The institutional controls pertinent to FHC include water wells, zoning 

and land use, and site access. The Planning and Development Department 

of the City of Vancouver is responsible for zoning designations. The 

zoning designation is currently l ight industrial (Figure 4-2). 

Continuation of industrial zoning would l imit residential and public 
/ 
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land use. A sensitive development zone overlay could be considered for 

the FHC sphere of influence for both surface and subsurface 

contamination. The Building and Zoning Department has enforcement 

responsibil it ies for city building and zoning code. Therefore i t issues 

demolit ion and building permits based on applicable building codes, 

zoning ordinance, completion of an environmental checklist, and records 

f i led with the Department which could relate to environmental problems. 

For example, this system could be used to require removal of 

contaminated soil under the FHC structure i f i t was demolished. In 

general, the site could not be developed or modified without assurance 

that appropriate actions would be taken to mitigate the on-site 

contamination. 

The city water system is fully developed in the FHC area (Figure 4-3). 

The Water Coordination Act requires that all development of public water 

systems (two or more connections) including industry be approved by the 

water purveyor. In this case the City of Vancouver Public Works 

Department has a policy to serve all areas within the city boundaries. 

The Coordinated Water System Plan developed by the Clark County Water 

Uti l i ty Coordinating Committee does not address private wells. 

The Groundwater Management Advisory Committee of Clark County was 

created under the provisions of the Groundwater Management Act (HB232). 

This local committee is developing a groundwater protection plan which 

potentially would address private water user issues. Although local 

policy and plans have not yet been developed, this committee may provide 

the appropriate venue for developing policy to regulate private use of 

groundwater supplies which may be contaminated. Implementation of such 

a policy may be diff icult. 
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RD 2 Alternative: Surface and Subsurface Soil R/D; Groundwater R/T/D; 

Structure Removal 

Description: Alternative RD-2 (Figure 4-13) is identical to RD-1 except 

for the disposition of the treated groundwater. Just as in RT-2, the 

treated effluent from the water transport would be discharged to the 

Columbia River. This requires treatment to aquatic water standards 

(0.01 mg/1 chrome). In RD-2 all contaminated soils are removed and 

disposed of either on-site or off-site as dictated by its hazardous 

waste designation. In RD-2 the assumption is that 50% of the soils wil l 

be designated dangerous waste by the aquatic toxicity test (Chapter 173-

303 WAC). These soils are removed and hauled to a RCRA disposal site. 

The other 50% of the soil is assumed to be acceptable for disposal in a 

minimal functional landfil l on-site (WAC 173-304). The actual volumes 

of contaminated soil to be disposed on-site and off-site will be 

determined by testing during the design phase. There is no treatment of 

the soil before the disposal. Clean f i l l  wil l be brought to the site to 

replace the excavated soils. The surface and subsurface soils 

identif ied as greater than 550 ppm chromium are removed. The structure 

on the site wil l be completely removed including underlying soil. 

Groundwater is pumped from the Level A aquifer and treated to remove the 

chrome contaminants. The treated water is reinjected into the Level B 

aquifer. Periodic sampling and testing of the pumped groundwater at the 

treatment facil ity and periodic sampling of the monitoring wells wil l 

provide the regulatory monitoring data. Figure 4-14 depicts this 

alternative. The following describes the process and unit operations. 

RD 2 - Civil Site Work: The contaminated surface soil wil l be removed 

by bulldozers and motor scrapers. Soil classified as dangerous waste 

under WAC 173-303 wil l be transported as required to a RCRA disposal 

site. The remaining non-hazardous material wil l be placed in an on-site 

f i l l  constructed to minimum functional standards (WAC 173-304) unless a 

landfil l meeting WAC 173-304 is operating in the area. The cost of this 
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alternative would include replacing the removed soil with clean 

backfil l , a landfil l cap, and monitoring of the on-site landfil l. Final 

grading of the site area wil l be provided with a vegetation cover and 

graded with swales and slopes to provide soil stabil ity and adequate 

surface water runoff drainage. 

ED—Z—;—Excavation: The contaminated surface soil wil l be removed by 

bulldozers and motor scrapers and transferred to the on-site landfil l. 

The surface soil quantity is approximately 600 cu. yds. An additional 

300 cubic yards wil l be excavated from under the structure after 
demolit ion. 

The subsurface contaminated soil wil l be removed using a dragline or 

backhoe for the mass excavation to a depth of 20 feet and loaders for 

cleanup. Subsurface soil volumes with contamination above 550 ppm total 

chromium are expected to be about 6500 cubic yards. Testing during the 

design phase wil l determine actual quantit ies. These soils wil l be 

segregated as to whether the soils pass the toxicity tests or not. 

RD 2 - Off-Site Disposal: The contaminated surface and subsurface soils 

are estimated to total about 7000 cu. yds. The contaminated building 

demolit ion debris is about 800 tons. The disposal of contaminated 

materials off-site would be governed by WAC 173-303 and 173-304. Waste 

designated as dangerous wil l be disposed in a RCRA type facil ity such as 

Chem Securities landfil l in Arlington, Oregon. The assumption is that 

one-half of the waste from Frontier Hard Chrome wil l be designated 

hazardous waste under WAC 173-303. Consequently testing of the waste 

wil l be conducted during the design phase. Waste not designated as 

hazardous wil l be disposed of on-site in a minimum functional standard 

landfil l (WAC 173-304) unless an operating landfil l under WAC 173-304 is 

located in the area. 

RCRA manifest requirements, under WAC 173-303, must be complied with for 

all wastes that are shipped off-site. Disposal must comply with RCRA 
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requirements and the generator should comply with applicable hazardous 

waste generator requirements under WAC 173-303. In addition, the 

generator should ensure that the facil ity selected to receive the wastes 

is in compliance with all applicable federal and state environment and 

public health statutes. Under WAC 173-303, RCRA storage, and disposal 

facil it ies are required to notify the generator, in writing, that they 

are capable of managing the wastes. The generator must keep a copy of 

this written notif ication on f i le as part of the operating record. 

The nearest approved facil ity would be the Chem Securities facil ity in 

Arlington, Oregon. The contaminated soil would be transported in 20 ton 

dump trucks in bulk. Complete sealing (wrap) of the soil would be 

required. 

RD 2 - On-Site Landfil l: Contaminated soil not determined to be 

dangerous waste per WAC 173-303 wil l be disposed in an on-site landfil l 

meeting the requirements of WAC 173-304. Generally, the design of this 

landfil l wil l follow the guidelines in the Solid Waste Landfil l Design 

Manual (Ecology, 1987). 

The estimated quantity of soil contaminated in excess of 550 ppm is 

about 7000 cubic yards, most of which is clayey silt material. 

Approximately one-half is assumed to be disposed on-site for the cost 

estimate. It is assumed that all would be disposed on-site for purposes 

of sizing the landfil l. This quantity of material could easily be 

accommodated on the Frontier Hard Chrome site. Figure 4.12 shows a 

section of the proposed landfil l with leachate collection/monitoring 

system and a l iner leak detection system. 

The 3-inch asphalt concrete cap is sloped at 2 percent grade to control 

rainfall runoff by using a traffic rated cap. The surface area could be 

used for storage and other purposes. The 4-inch layer of drainage 

gravel below the asphalt would allow water that could possibly seep 

through cracks in the asphalt to migrate horizontally off the landfil l 
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area. Any remaining moisture would be prevented from percolating 

downward by the 50 mil. synthetic membrane and 2-foot layer of clay, 

which would have a permeability of not more than 10"6 cm/sec. 

The f i l ter fabric between the contaminated soil and the leachate 

collection system is to prevent soil from migrating downward into the 

leachate system. A leak detection system is proposed below the 50 mil. 

synthetic l iner. The leak detection monitoring network wil l include a 

separate monitoring point within each of f ive separate landfil l cells. 

This wil l allow more accurate identif ication of a leak source within the 

landfil l. 

RD 2 - Well Field Design: The well f ield design consists of two phases 

of ejector wells in the Level A or "upper" transmissive zone as 

described in section 3.1.1.5. The purpose is to reduce the chromium 

concentration in the groundwater within the upper zone to less than .05 

ppm. 

Total discharge during Phase 2 is estimated at 750 gpm. Provision 

should be made for a flow of up to 1000 gpm to add f lexibil ity depending 

on actual concentrations and aquifer conditions encountered. 

Time estimates for each phase of pumping are only rough estimates. 

These estimates are based on volume and velocity and indicate Phase 1 

should be concluded within one year or less (equivalent volumes are 

pumped approximately every 30 days). However, due to large permeability 

contrasts within the upper zone, chromium contamination within the silty 

gravel fraction may be removed at a much slower rate. This may require 

the installation of shallower wells which pump at a lower rate and do 

not penetrate the high permeability lens at the base of the "upper 

zone." 

Phase 2 pumping would be expected to last approximately 15 years. The 

monitoring program wil l determine the actual duration. 
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Pumping at the proposed well depth wil l result in a majority of the 

groundwater to be withdrawn from the high permeability gravel. This 

system may be inefficient in removing groundwater from the low 

permeability silty gravel, in which case a shallower well construction 

may also be required. Analysis of the overall stratigraphy indicates 

the shallow well type wil l not be required. However, need for the 

shallower type of well may be identif ied during the pumping. 

The outlet of the pumps wil l be connected through check valves to a 

common header which wil l direct the water by pipeline to the storage 

basin of the water treatment facil ity. There wil l also be three 

injection wells dril led up gradient from the plume in which water from 

the treatment facil ity wil l be reinjected. The pipelines from the 

ejector wells to the treatment facil ity and from the facil ity to the 

reinjected wells wil l be buried in a subsurface trench to avoid freezing 
in winter. 

RD 2 - Water Treatment: Extracted groundwater wil l be treated in a 1.5 

mgd capacity on-site treatment facil ity (Figure 4-7). 

The treatment of groundwater wil l require removal of volati le organics 

and chromium contaminants. The organics wil l be removed using air 

stripping. Chromium contaminants wil l be removed using ion exchange. 

Air stripping for organic and ion exchange for chrome are proven 

technologies and can meet the effluent criteria of chronic aqquatic 

ambient water quality standards for each contaminant (see Table 3.1). 

The organics treatment step consists of four storage sumps, four pumps, 

two air stripping towers, two fans, and possibly two air preheaters 

fueled by propane. Water from the collection manifold is stored in a 

subsurface, 2000 gallon, concrete sump. A maximum of 500 gpm of water 

is pumped with a centrifugal pump to the top of each air stripping 

tower. The air stripping tower is similar to conventional cooling 
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towers and wil l consist of a f iberglass-covered metal framework 

containing a plastic packing medium. As water introduced near the top 

of the tower flows downward through the packing, i t  contacts air flowing 

upward. An induced draft fan in the tower stack draws in air at the 

bottom of the tower. Organic materials stripped from the water leave 

with the exit air stream. Organics wil l be removed from the air emission 

by a carbon adsorption system. Carbon wil l be regenerated off-site. 

Treated water continues to the inorganic phase of treatment. 

The most significant design parameter is the air-to-water ratio. The 

major air stripping design parameters are shown below for chloroform 

removal. These results for chloroform represent the largest set of data 

on air stripping. To correlate the data to the organic contaminants at 

FHC, the Henrys low coefficient for chloroform is approximately the same 

as PCE which is the most diff icult of the organics at the FHC site to 
air strip. 

Air Stripping Tower 

Performance 65% Removal 90% Removal 

Air-to-water ratio 10,1 

Typical water loading, mgd/ft2 of tower 

cross-section 0.059 

Design superficial air velocity, 1 ft/sec 

based on empty tower cross-section 1.0 

Maximum superficial air velocity, 2.5 ft/sec 

based on empty tower 2.5 

Tower water pumps (one operating, one spare) 

total dynamic head, in feet 30 

Operating temperature, °F 70-80 

Tower volume, ft3/mgd 340 

Tower height, in feet 22 

Influent chloroform concentration, ppm 10-800 

1 0 0 . 1  

0.059 

1 . 0  

2.5 

30 

70-80 

3,400 

22 

10-800 
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Source: EPA, 1984 

In the Level A aquifer zone the RI showed maximum concentrations of 
organics as follows: 

The expected organic influent concentrations are calculated assuming the 

actual concentrations in a well wil l be 50% of the maximum measured and 

that only one of sevel Level A wells wil l contain organics. Therefore, 

the influent concentrations are calculated to be 7% of the maximum 

measured. The actual design of the air stripping towers wil l be preceded 

by pilot studies to determine tower dimensions and air to water flow 

rates. These parameters are determined primarily by the contaminant 

properties, the water f low rate, and the desired removal. Generally, 

the contaminant removal wil l be 90-95 percent complete or higher. The 

organic contaminants present in the Frontier Hard Chrome site area are 

considered suitable to air stripping, as indicated by a Henry's Law 

coefficient in excess of 0.003. 

ComP°und Henry's Law Coefficient (Atm m3/gmol) 

1,1,1 - Tricholorethane (TCA) 0.0180 

Trichloroethylene (TCE) 0.0100 

Tetrachloroethylene (PCE) 0.0083 

Consequently, the technology appears to be feasible and applicable to 

the FHC site conditions. 

Maximum Expected Influent. 

1,1,1 - Trichloroethane (TCA) 

Trichloroethylene (TCE) 

Tetrachloroethylene (PCE) 

210 ppb 

88 ppb 

6320 ppb 

15 ppb 

6 ppb 

450 ppb 
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The next water treatment step is based on ion exchange technology to 

remove the chromium and nickel ions. This is an often used and proven 

process in the electroplating industry. Ion exchange wil l be able to 

meet the expected effluent requirements for chromium. Some removal 

rates for metal ions of interest are shown: 

Removal Data for Electroplatino Wastewater Streams 

Concentration, ug/1 Percent 

Pol 1 utant/Parameter Influent Effluent Removal 

Toxic pollutants: 

Chromi urn 3,100 10 >99 
Chromium (+6) 7,100 10 >99 
Cyanide 9,800 40 99 
Nickel 6,200 Below Detection >99 

Source: EPA, 1980 

The FHC system would treat 1.5 mgd (1000 gpm) peak of contaminated 

water. Given the high flow and hazardous waste considerations, the ion 

exchange system would consist of two sets of two columns in series. The 

system would have the following conceptual design: 

CapacitY Number of Columns Diameter Housing Total Stnranp 

1,5 mgd 4 7 ft- 700 sq. ft. 2600 cu. ft. 

Ion exchange systems are commercially available from a number of 

vendors. The units are relatively compact and are not energy intensive. 

Start-up or shut-down can be accomplished easily and quickly. These 

features allow for convenient use of ion exchange in mobile treatment 
systems. 
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Although exchange columns can be operated manually or automatically, 

manual operation is better suited for the FHC hazardous waste site 

because of the diversity of wastes encountered. The operator can decide 

when to stop the service cycle and begin the backwash cycle. 

Use of dual ion exchange systems wil l provide considerable f lexibil ity. 

Ion exchange columns can be arranged in series to increase service-life 

between regeneration or in parallel for maximum hydraulic capacity. The 

piping arrangement would allow for one system or column to be taken out 

for regeneration while the remaining columns would remain in service. 

The multiple column system wil l also reduce the potential of contaminant 

breakthrough and discharge to groundwater or receiving body. 

The influent to the ion exchange process wil l be pH adjusted with acid 

to a pH of 2 to 3 and treated with a reducing agent. A reaction vessel 

to assure adequate mixing wil l precede the ion exchange. Caustic wil l 

be added to adjust the pH after ion exchange. Appropriate controls, 

feed and mixing systems wil l be required. If reinjected the effluent 

wil l be f i l tered through granular media f i l tration. The f i l tration will 

reduce the possibil ity of plugging injection wells. The sodium laden 

effluent wil l also have a tendency to change soil chemistry resulting in 

a precipitation reaction and clogging. 

Spent resin is estimated to be 50 tons annually. Regeneration results 

in another hazardous waste stream. The spent resin and hydrogen-cycle 

acidic regenerant wil l be treated at a l icensed RCRA TSA facil ity or 

recycled for metals recovery. Any solid residuals after treatment wil l 

be disposed in a RCRA permitted facil ity, consistent with RCRA, HSWA, 

and 173-303 disposal requirements. 
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HQ—2—2—Effluent Pisposal: The treated water wil l be discharged via a 

new 4500 foot gravity sewer and outfall structure to the Columbia River 

(Figure 4-11). The 15-inch diameter pressure sewer wil l follow public 

right-of-way as much as possible. 

The sewer wil l cross a major highway and a railroad. Easements on the 

east and south of the Pearson Airport wil l need to be obtained. Other 

easements on private property may be required. The route selected 

minimized right-of-way acquisition as much as possible. The outfall 

structure wil l extend into the mixing zone of the river to disperse the 

effluent to minimize the local effect of the treated water. 

A NPDES permit requirements wil l l ikely be required. Other permit 

standards which may be imposed include the Corps of Engineers 404 permit 

standards and the Shoreline Management Act permit standards. 

RD 2 ~—Structure Demolition: Under this alternative the building 

structure wil l be demolished and removed from the site. Uncontaminated 

components of the building would be f irst removed, followed by 

controlled contaminant demolit ion of the remaining parts including the 

building slab (Figure 4-9). Contaminated components wil l be removed to 

a RCRA landfil l. Underlying soil (300 cubic yards) would be treated as 

other surface soil. 

RD 2 - Monitoring Program: The purpose of the monitoring program is to 

evaluate the effectiveness of the production wells in capturing the .05 

ppm chromium plume in the Level A groundwater. The monitoring system 

should include the two Level A monitoring wells in the area of W85-7A 

and W85-6A (see Figure 4-1). Continued monitoring of wells W87-9A/B, 

W85-10B and W86-11A/B wil l determine i f chromium is migrating towards 

City of Vancouver Well Field No. 4. 
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soil. Periodic sampling and testing of the pumped groundwater at the 

treatment facil ity and periodic sampling of the monitoring wells wil l 

provide the regulatory monitoring daca. The following describes the 

process and unit operations. 

RT ] - Excavation: The contaminated surface soil wil l be removed by 

bulldozers and motor scrapers, and stockpiled adjacent to the soils 

treatment facil ity. The surface soil quantity is approximately 600 cu. 

yds. All stockpiled soil must be covered to prevent rainwater runoff 

contamination and air entrainment of contaminated material. There wil l 

be an additional 300 cubic yards of soil excavated from under the 

building after demolit ion. 

The subsurface contaminated soil wil l be removed using a dragline or 

backhoe for the mass excavation to a depth of 20 feet. Loaders wil l be 

used for cleanup. The excavation wil l be shored with sheet pil ing to 

protect nearby Richardson structure. Subsurface soil volumes with 

contamination above 550 ppm total chromium are estimated to be 6500 

cubic yards. Testing during the design phase wil l determine actual 

quantit ies. Dump trucks wil l transfer the contaminated soils to the 

stockpile adjacent to the soils treatment facil ity. Soils less than 550 

ppm wil l be stockpiled and later used as backfil l . These wil l primarily 

comprise the soils between the surficial contaminant zone and the 
contaminated clay zone. 

The treated soils wil l be back hauled to the excavation by trucks and 

motor scrapers, then graded and compacted in l i fts suitable for the soil 

type. Final grading of the site area wil l be provided with a vegetation 

cover and graded with swales and slopes to provide soil stabil ity and 
adequate runoff drainage. 

RT I  - Soils Treatment Facil ity; A treatment facil ity wil l be 

constructed at the site to treat contaminated soils. The process flow 

is depicted in Figure 4-6 and consists primarily of oxidation of 
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Another purpose of the monitoring program is to determine i f the 

alternative is effective in reducing chromium concentrations in Level A 

groundwater. Two additional wells should be installed in the area of 

the highest groundwater contamination within the uppermost 5 feet of 

alluvial material to evaluate i f contaminated groundwater in the low 

permeability silty gravel is being flushed. 

Additionally, the monitoring program must continue to monitor the 

chromium concentrations in the Level B groundwater. An eight-well 

monitoring system is proposed. The goal is to determine whether 

concentrations are declining because of dispersion or increasing because 

of continued downward vertical migration. All of these results wil l be 

used to fine tune the removal of groundwater. 

RD 2 - Institutional Controls: 

The institutional controls pertinent to FHC include water wells, zoning 

and land use, and site access. The Planning and Development Department 

of the City of Vancouver is responsible for zoning designations. The 

zoning designation is currently l ight industrial (Figure 4-2). 

Continuation of industrial zoning would l imit residential and public 

land use. A sensitive development zone overlay could be considered for 

the FHC sphere of influence for both surface and subsurface 

contamination. The Building and Zoning Department has enforcement 

responsibil it ies for City building and zoning code. Therefore i t issues 

demolit ion and building permits based on applicable building codes, 

zoning ordinance, completion of an environmental checklist, and records 

f i led with the Department which could relate to environmental problems. 

For example, this system could be used to require removal of 

contaminated soil under the FHC structure i f i t was demolished. In 

general the site could not be developed or modified without assurance 

that appropriate actions would be taken to mitigate the on-site 

contamination. 
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The city water system is fully developed in the FHC area (Figure 4-3). 

The Water Coordination Act requires that all development of public water 

systems (two or more connections) including industry be approved by the 

water purveyor. In this case the City of Vancouver Public Works 

Department has a policy to serve all areas within the city boundaries. 

The Coordinated Water System Plan developed by the Clark County Water 

Uti l i ty Coordinating Committee does not address private wells. 

The Groundwater Management Advisory Committee of Clark County was 

created under the provisions of the Groundwater Management Act (HB232). 

This local committee is developing a groundwater protection plan which 

potentially would address private water user issues. Although local 

policy and plans have not yet been developed, this committee may provide 

the appropriate venue for developing policy to regulate private use of 

groundwater supplies which may be contaminated. Implementation of such 

a policy may be diff icult. 

SS Alternative: Surface and Subsurface Soil Removal/Treat/Replace; 

Structure Removal; Groundwater Monitoring; Institutional Controls 

S3—;—Description: The surface soil contaminated at levels greater than 

550 ppm total chromium is removed and treated with a stabil izing reagent 

to immobilize the chromium contaminant. This action mitigates the 

airborne, surface water and surface soil problems. The subsurface soils 

are removed and treated by the same methods as the surface soils. The 

structure on the site wil l be completely removed including underlying 

soil. Treated soils are disposed of at the site by backfil l ing, grading 

and recompaction. The surface area over the stabil ized soils wil l be 

capped and graded. Periodic sampling and testing of the monitoring 

wells wil l provide the regulatory monitoring data. In addition, the 

stabil ized soil wil l be monitored for chromium contaminated leachate. 

Institutional controls wil l be implemented to restrict access to 
groundwater. 
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SS - Civil—Site Work: The contaminated surface soil wil l be removed by 

bulldozers and motor scrapers and stockpiled adjacent to the soil 

stabil ization treatment facil ity. The contaminated surface soils are 

assumed to be 18" deep based on results in the RI. The estimated 

Quantity to be treated is 600 cubic yards. The design step wil l 

complete on-site testing to further define the quantity of soil above 

the action level. The RI indicated approximately 14 feet of relatively 

uncontaminated f i l l  overlying the contaminated clayey-silt layer. The 

f i l l  below the action level would be excavated and stockpiled. The 

quantity of f i l l  material is estimated at 16,000 cubic yards. These 

soils would not be treated and would eventually be returned to the 

excavation. The subsurface contaminated soil (clayey-silt) wil l be 

removed using a dragline or backhoe for the mass excavation and loaders 

for cleanup. The quantity of contaminated subsurface soil is 6500 cubic 

yards. These wil l discharge to dump trucks that wil l transfer the soils 

to the stockpile adjacent to the soils treatment facil ity. An 

additional 300 cubic yards of contaminated soil is estimated to l ie 

beneath the building. This soil wil l also be stabil ized. 

After treatment, the stabil ized soils wil l be returned to the excavation 

by trucks and front end loaders, then graded and compacted in l i fts. Am 

impervious cap of two foot of clay or equivalent wil l be provided. A 

surface layer of paving or vegetation wil l be provided as appropriate. 

The surface area to be capped is 50,000 square feet. The site area wil l 

be graded with swales and slopes to provide soil stabil ity and adequate 

runoff control. 

i—Soil Stabil ization Treatment Facil ity: A soil stabil ization 

treatment facil ity wil l be mobilized at the site to treat soil at or 

above 550 ppm chromium. 

Excavated soils wil l be hauled to a l ined stockpile from which the soil 

can be fed to a loading hopper. A vibratory screen or screens wil l 
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separate the large rocks and debris from the soil to be treated. The 

soil is conveyed to a batch plant where i t  is measured and mixed with 

the various solidification components. 

The soils stabil ization process wil l require the addition of water; a 

cementitious fixative (cement, pozzolan, l ime); a reducing agent and 

various proprietary chemicals. These must be added during the batch 

plant process in the precise proportions as determined in the pilot 

testing. Both l iquid and solids storage and handling equipment wil l be 

part of the process equipment. Their design and configuration would be 

dependent upon the proprietary method. 

The soil mixture may be mixed in a cement mixer, pug mill, or rotary 

drum mixer. The resulting slurry must be hauled or pumped to a l ined 

excavation. The cementitious slurry wil l cure to form a cementitious 

solid matrix. The solidif ied soil can be left in that location or 

hauled by a front end loader and truck to another location on site. 

The strength of the solidified soil may be in the range of 100-250 psi. 

The volume and weight of the treated soil could increase up to 50%. 

Appropriate design efforts to balance cut and f i l l  will be taken when 

the actual increases are known. The topographic depression may provide 

an area to f i l l . The construction would be staged so that the soil is 
handled efficiently. 

As mentioned previously the areas backfil led should be capped with a 

minimal functional standards cover to minimize the potential for 

leaching of the chromium. 

SS - Testing Program 

The end product of soil stabil ization treatment should be tested for the 

appropriate physical and chemical characteristies. The design of the 

testing procedures wil l come after the pilot testing and selection of 
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the particular stabil ization technique. The end product of soil 

stabil ization could be a solid block resembling low-strength concrete 

which could be subjected to standard tests of physical properties so 

that its durabil ity under f ield conditions can be predicted. In the 

case of FHC, the product wil l probably be a fr iable or soil-l ike 

material that must be subjected to tests more typically used for soil -

cement. Chemical containment properties of this type of stabil ized 

waste is diff icult to predict from physical tests. The testing program 

would determine treated and untreated soil properties for porosity, 

permeability, wet and dry densities, particle size distribution, bulk 

properties, and durabil ity. 

Chemical leach testing of stabil ized soil is recommended to predict i ts 

chemical stabil ity. A great number of leach testing techniques are 

available. The major variables in the different procedures include the 

leaching solution characteristics, waste-to-leaching solution, time of 

contact, surface area of waste and agitation technique. No technique 

can dupl icate the variable condit ions that may be encountered. A 

conservative testing procedure should be devised to test the chemical 

leaching potential of the stabil ization method used. Three lysimeters 

should be installed to monitor the long term production of leachate and 
mobility of chromium. 

—i—Structure Demolition: Under this alternative the building 

structure wil l be demolished and removed from the site. Uncontaminated 

components of the building would be f irst removed following by 

controlled demolit ion of the remaining parts including the building slab 

(Figure 4-8). Contaminated components wi l l  be removed to a RCRA 

landfil l. Underlying soil (300 cubic yard) would be treated as other 
surface soil. 

SS - Monitoring: A long-term monitoring program would be implemented 

to provide updated information on the migration of contaminants. For 

groundwater, both private and monitoring wells would be sampled on a 
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quarterly basis, and the program modified as the plume changes. The 

monitoring program would also address surface soil, vegetation, building 

components, and air quality. 

Nine well locations are identif ied for monitoring contaminant 

concentration changes in the plume (Figure 4-1). The well locations and 

purpose of each well are given below: 

Location Wei 1s Purpose 

W87-12 12A & 12B Downgradient. monitoring wells 
W85-7 7A & 7B Downgradient monitoring wells 
W85-6 6A & B Downgradient monitoring wells 
W85-4 4A (new wel1) Downgradient monitoring wells 

4B 

W87-9 9A & B Downgradient monitoring wells 
W87-8 8A & 8B Upgradient monitoring wells 
W85-3 3A & 3B Upgradient monitoring wells 
B87-8 8A Plume concentration monitoring 
B86-2R ' 2R Plume concentration monitoring 

9 locations 16 wells 

Four wells wil l be monitored on a quarterly basis. Those wells are W87-

12A, W85-7A, W85-6A, and W85-9A. The other wells wil l be monitored on a 
semi-annual basis. 

The monitoring program will be f lexible and wil l be modified to reflect 

changes in contamination and the movements of the contaminants. 

SS '—Institutional Controls: Institutional controls to be implemented 

with this alternative wil l include restrictions on future land use and 

restrictions on disturbance of the soil and use of groundwater. 
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The pertinent institutional controls include water well permits, and 

zoning and land use. The Planning and Development Department of the 

City of Vancouver is responsible for zoning designations. The zoning 

designation is currently l ight industrial (Figure 4-2). Continuation of 

industrial zoning would l imit residential and public land use. A 

sensitive development zone overlay could be considered for the FHC 

sphere of influence for both surface and subsurface contamination. The 

Building and Zoning Department has enforcement responsibil it ies for city 

building and zoning code. Therefore i t issues demolit ion and building 

permits based on applicable building codes, zoning ordinance, completion 

of an environmental checklist, and records f i led with the Department 

which could relate to environmental problems. For example, this system 

could advise an owner of stabil ized subsurface soil prior to excavation. 

In general the site could not be developed or modified without assurance 

that appropriate actions would be taken. 

The city water system is fully developed in the FHC area (Figure 4-3). 

The Water Coordination Act requires that all development of public water 

systems (two or more connections) including industry be approved by the 

water purveyor. In this case the City of Vancouver Public Works 

Department has a policy to serve all areas within the City boundaries. 

The Coordinated Water System Plan developed by the Clark County Water 

Uti l i ty Coordinating Committee does not address private wells. 

The Groundwater Management Advisory Committee of Clark County was 

created under the provisions of the Groundwater Management Act (HB232). 

This local committee is developing a groundwater protection plan which 

potentially would address private water users. Although local policy 

and plans have not yet been developed this committee may provide the 

appropriate venue for developing policy to regulate private use of 

groundwater supplies which may be contaminated. Implementation of such 

a policy may be diff icult. 
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SS - Disposal Option: 

The disposal option for the contaminated soil is a potentially cost 

effective and reliable remediation action at the FHC site. The 

consideration of this option is dependent upon the hazardous waste 

designation by the methods required under RCRA and Chapter 173-303 WAC. 

These considerations are described fully in the RD-1 and RD-2 

alternatives. Another consideration is the availabil ity of a municipal 

landfil l meeting minimal functional standards. I f the contaminated 

soils were mostly designated nonhazardous problem wastes and a nearby 

municipal landfil l could accept such waste, that disposal option would 

merit careful consideration. The cost of disposal would be less than or 

comparable to the soil solidif ication method. Because the costs are 

close and the disposal feasibil ity uncertain, the soil disposal method 

is considered as an option to soil stabil ization. 
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5.0 DETAILED EVALUATION OF REMEDIAI ALTERNATIVES 

This section presents a detailed evaluation of each of the alternatives which 

passed the init ial screening in Section 3.0. A detailed description of each 

of these alternatives emphasizing key features such as the technologies 

employed and associated components, implementation, special engineering 

factors, on-site configuration, safety, and environmental considerations was 

provided in Section 4.0. This detailed evaluation discusses the cost-

effectiveness of each alternative in terms of technical, environmental and 

public health, and institutional concerns. According to NCP Section 300.68(h) 

and SARA, the detailed analysis of each alternative should include: 

. Refinement and specification of alternatives in detail, with emphasis on 

use of established technology; 

.  Evaluation in terms of engineering implementation, reliabil ity, and 

constructibil ity; 

. An assessment of the extent to which the alternative is expected to 

effectively prevent, mitigate, or minimize threats to, and provide 

adequate protection of public health and welfare and the environment; 

.  An analysis of any adverse environmental impacts, methods for mitigating 

these impacts, and costs of mitigation; 

. Detailed cost estimation, including operation and maintenance costs, and 

distribution of costs over time; 

. An assessment of whether the alternative results in significant 

reduction in toxicity, mobility, or volume of contaminants; and 

. An assessment of the reliance of a particular alternative on land 
di sposal. 
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The detai led aspects of evaluating these alternatives are presented in f ive 

major cr i teria categories: 

.  Technical Feasibi l i ty, 

.  Insti tut ional Requirements, 

.  Public Health Impacts, 

.  Environmental Impacts, and 

.  Cost Analysis. 

The fol lowing presentation faci l i tates the comparison of the alternatives 
using these cri teria. 

5.1 EVALUATION PROf.FSS 

Table 5-1 presents the cri teria used for this detai led evaluation of 

alternatives. Specif ic components of each alternative are discussed in the 

text, and evaluation is summarized in the associated tables. The technical 

evaluation addresses the feasibi l i ty of the technologies and associated 

components which make up each alternative. The evaluation of insti tut ional 

requirements discusses compliance with current USEPA policy on the use of 

applicable and relevant standards and other cri teria, guidance, and advisories 

at Superfund remedial sites, as well  as coordination with other agencies and 

community concerns. Each alternative is evaluated as to how well i t  can l imit 

the concentrations of hazardous substances in the environment to avoid 

unacceptable threats to public health as established by the Risk Assessment. 

The environmental impacts of each alternative are evaluated by comparing 

beneficial and adverse effects. The cost for each alternative includes the 

capital costs for a 15 year evaluation period. These costs are then presented 

as present worth values for comparison. 

5 -2  



The results of the detai led evaluation for each alternative with respect to 

each of the cri teria l isted in Table 5-1 are expressed in a rat ing system 

uti l izing the terms high, moderate and low. 

.  A high rating indicates that the alternative promotes the intent of the 

cri teria and/or meets or exceeds the remedial objectives. 

.  A moderate rating indicates that the alternative only part ial ly promotes 

the intent of the cri teria, however, the alternative does remediate the 

problem to an appreciable extent even though i t  does not meet al l  the 
remedial objectives. 

.  A low rating indicates that the alternatives does not promote the 

cri terion and/or does not meet the remedial objectives. 

At the beginning of each Subsection 5.2 through 5.5, the evaluation cri teria 

for that category are described in order to clarify how these ratings wil l  be 

specif ical ly determined. The ratings for each of the cri teria within each of 

the categories are then combined to arrive at an overal l  category rating for 

each of the alternatives. The individual ratings are averaged to obtain the 

overal l  rat ing. When a " t ie" occurs (such as two "high" ratings and two 

"moderate" rat ings) subjective weighting is used to assign the overal l  rat ing. 

These overal l  category ratings are used in Subsection 5.7 to summarize the 
detai led evaluation. 

5.2 TECHNICAL FEASIBILITY 

This subsection presents the technical evaluation of the alternatives. 

Each alternative was evaluated relative to performance, rel iabi l i ty, 

implementabil i ty, and safety. 

Performance is the abil i ty to effectively perform the intended 

functions. Performance of a remedial alternative, and specif ical ly i ts 

technical components, is evaluated based on two factors: effectiveness 



and useful l i fe. Effectiveness refers to the degree to which a remedial 

action wil l  prevent or minimize substantial danger to public health, 

welfare, or the environment. An example is the effectiveness in 

preventing further migration of a contaminant plume in groundwater. 

Preference is given to those technologies that completely immobil ize, 

destroy, or recycle the hazardous material. The useful l i fe is the 

length of t ime this level of effectiveness can be maintained; for 

example, the operating l i fe of a treatment faci l i ty. 

Reliabi l i ty of a remedial action is evaluated in terms of operation and 

maintenance requirements, and demonstrated performance at similar sites. 

Evaluation of operation and maintenance includes availabi l i ty of labor 

and materials, and the frequency and complexity of the operation and 

maintenance activit ies, such as replacing spent carbon in a carbon 

adsorption treatment faci l i ty. Technologies requir ing frequent 

attention, perhaps as often as once per week or month, or complex 

operation and maintenance activit ies are considered less rel iable. The 

evaluation of demonstrated performance includes an estimate of the 

probabil i ty of fai lure for each component of the remedial alternative 

and the applicabil i ty and performance of the technologies demonstrated 
at other hazardous waste sites. 

Imp 1 ernentabi1ity is the relative ease of instal lat ion or 

constructibi1ity of the remedial alternative and the t ime required to 

achieve a given level of response. Constructibi1ity is the abil i ty to 

actually build or implement the remedial technologies given the exist ing 

site condit ions and condit ions external to the site such as availabi l i ty 

of equipment or zoning clearances. The two measures of t ime that were 

addressed are the t ime to implement a remedy and the t ime to achieve 

beneficial effects. Implementation t ime includes the t ime for special 

studies, design, and construction. Time to achieve beneficial effects 

spans from the end of construction to the point where the levels of 
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contamination have been reduced to attain ARARs. Preference is giver, to 

those technologies which can be implemented in less than one year and 

can achieve beneficial effects within several years. 

Safety of neighboring communit ies and environments as well  as that of 

the workers during implementation is evaluated in terms of short-term 

and long-term threats. Short-term refers to the period of construction, 

while long-term encompasses the operation and maintenance activit ies of 

the workers and exposure of the community to hazardous substances over 
the duration of remediation. 

A summary of the technical feasibi l i ty evaluation is presented in Table 
5-2. 

5.2.1 NA (No Action) Alternative 

NA - Performance 

The No Action Alternative includes no remediation activit ies; 

however i t  does include a site monitoring program and specif ic 

insti tut ional restr ict ions. Monitoring wells can become plugged 

and they can be damaged or contaminated by other surface 

activit ies requir ing replacement. I t  is estimated the monitoring 

program including init ial sampling wells and sampling equipment 

wi l l  have a useful l i fe of 30 years. During that period 

addit ional wells wil l  be required depending on the movement of the 

plume. I t  is expected that the monitoring program wil l  "require 

routine operation and maintenance and wil l  have to be updated as 

needed to continue to be effective. 

NA - Reliabi l i ty 

An adequately designed, instal led, and maintained monitoring 

program wil l  perform rel iably for i ts intended purposes. Numerous 
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monitoring networks have been instal led at waste sites across the 

nation and, for the most part, they have performed rel iably. 

NA - Implementabil i tv 

The monitoring program can be planned, reviewed, approved and 

implemented in less than six months. The monitoring program only 

monitors migration of the plume providing opportunity to react to 

public health and environmental concerns, and does not expedite or 

impact the t ime to achieve remedial action in the aquifer. 

NA - Safety 

There are no safety concerns in instal l ing the monitoring program 

in excess of that already incurred for instal l ing sampling wells 

and completing subsurface borings. Instal lat ion of new sampling 

wells wil l  fol low the Frontier Hard Chrome Health and Safety plan. 

There are no long term safety threats of the sampling operation to 

the workers in the area. In addit ion, a monitoring program would 

have no adverse safety impacts to the neighboring community in 

excess of that for typical subsurface dri l l ing operations. 

NA - Other Considerations 

The No Action Alternative wil l  not result in a signif icant 

reduction in contaminant volume, toxicity, or mobil i ty. I t  

provides minimal public health and environmental protection over 

exist ing condit ions. The monitoring wil l  be used to alert 

authorit ies to any signif icant increase over exist ing contaminant 
1evels. 
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5.2.2 SO (Surface Only) Alternative 

SO - Performance 

The Surface Only Alternative includes removal and off-site 

disposal of surface contaminated soi ls, cleaning of the structure 

and a long term monitoring program. The purpose of this 

alternative is to prevent health and environmental effects from 

airborne contaminants, soi l  ingestion, contact with internal 

building surfaces, exposure to surface water contaminants, and to 

prevent off-site movement of contaminants with surface water. 

This alternative wil l  effectively meet these performance 

requirements. Effectiveness is rated at moderate to high for 

condit ions outside the building and moderate to high for 

condit ions inside the building. I t  is anticipated that addit ional 

efforts wil l  be required in the future, including replacing 

cracked coatings and sealants used in the cleaning operation and 

eventually demolishing the structure. 

SO - Reliabi l i ty 

Both removal and disposal of the surface contaminants and 

decontamination of the building are considered rel iable in meeting 

their intended purpose. Minimal operation and maintenance 

requirements wil l  be needed with the exceptions noted for future 

replacement of the coatings and sealants and during building 

demolit ion. There is l i t t le documented performance data for this 

building decontamination procedure but i t  appears to be reasonable 
based on current information. 
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SO - Implementabil i tv 

The surface removal and disposal with building decontamination 

alternative could be implemented in a t ime frame of less than one 

year including planning, review, contracting and completion. 

Actual t ime to remove the surface soi ls and decontaminate the 

building may be less than three months. There are no site 

condit ions or known zoning requirements to prevent implementation 

of this alternative. Beneficial effects wil l  be immediate upon 

completion of the remedial actions. Implementation is also 

affected by the availabi l i ty of off-site disposal of the surface 

materials and debris from building decontamination. However, due 

to the small volume of material, i t  is anticipated that these 

requirements can be met and a suitable disposal site found. 

SO - Safety 

Safety impacts to the neighboring community should be considered. 

Transport of contaminated materials through the community and on 

the public roadway system to a RCRA disposal site wil l  be 

required. Applicable Department of Transportation (DOT) and 

Environmental Protection Agency (EPA) regulations for transport of 

hazardous materials wil l  be fol lowed. 

Worker safety concerns during soi l  removal operations wil l  be 

similar to those for minor earthmoving projects (see Section 5.5 

for health impacts), assuming appropriate respiratory protection 

is provided. Dust suppression techniques and appropriate safety 

att ire for workers wil l  be used. 

During the building decontamination efforts a safety program for 

the decontamination contractor wil l  have to be implemented. For 

example, procedures on handling materials removed from either 
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cleaning or sandblasting operations must be in place and enforced. 

Special clothing and/or other i tems such as respirators may be 

part of the safety program. However, a safety program for the 

workers during construction can be developed that is adequate to 

meet health concerns during this t ime period. 

The monitoring program for the SO Alternative wil l  be simile to 

the one planned for the NA Alternative. The program wil l  use 

monitoring wells to monitor migration of the groundwater plume. 

There are no signif icant safety concerns for instal lat ion of the 

monitoring program. See section 5.2.1 for addit ional information 

on the technical feasibi l i ty of a monitoring program. 

SO - Other Considerations 

The SO alternative does not signif icantly reduce the volume or 

toxicity of contaminants. Contaminant mobil i ty is reduced by 

restr ict ing rainwater access to soi ls beneath the building and by 

placing disposed contaminants in appropriately designed RCRA or 

173-304 WAC landfi l ls. The SO alternative does rely on land 

disposal, and in this sense is less favored under SARA. 

5.2.3 RT 1 and RT 1A (Surface and Subsurface Soil ,  Remove, Treat, 

Replace; Demolish Structure; and Level A Groundwater, Remove, 
Treat, Reinject) 

This alternative includes short term (immediate), interim (0 to 

15 years) and long term ( in excess of 15 years) objectives. The 

short term objective of the alternative is to prevent health and 

environmental impacts from airborne contaminants, soi l  ingestion, 

contact with internal building surfaces, contact with contaminated 

surface waters, and off-site migration of contaminants with 

surface water. The interim objective is to contain movement of 
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the contaminant plume. The long term objective is to reduce 

contaminant levels in the plume to meet ARARs applicable to the 
site. 

a. Soil  Remove. Treat and Replace 

RT 1 - Performance 

Surface and subsurface soi l  removal, treatment with solvent 

extraction (soi l  washing) and replacement is considered an 

innovative and new technology based on the site condit ions 

(high clay soi ls) and the low levels of chromium found in 

the soi ls. I f  selected as the preferred remedial action 

alternative, pi lot testing wil l  be required during f inal 

design to determine the appropriateness of assumed plant 
sizing. 

RT 1 - Reliabi l i ty 

Operation and maintenance requirements are included in the 

l i fe cycle cost analysis. However, because soi l  treatment 

under the condit ions found at FHC require innovative 

treatment schemes these costs cannot be as clearly defined 

as for other alternatives. The soi l  treatment process for 

these types of soi ls (high clay) has not been demonstrated 

at similar sites. Therefore rel iabi l i ty is uncertain. 

RT 1 - Imp!ementabi 1 i t .v 

The abi l i ty to implement this alternative in a reasonable 

t ime period is moderately to very dif f icult.  Success of 

this alternative is dependent on the specif ic site 

condit ions found at Frontier Hard Chrome. Therefore bench 

scale and pi lot testing wil l  be a cr i t ical part of the 
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development of this alternative. A signif icant prel iminary 

remedial design phase with pi lot testing could require six 

months to one year alone. I t  is anticipated that the t ime 

to complete pi lot studies, planning, reviews, approval, 

design, construct, trouble shoot and implement this 

alternative is expected to take a minimum of two years. 

The duration of the soi l  treatment period is dependent on 

the size of the water treatment faci l i ty and i ts abil i ty to 

handle both the l iquid phase of the soi l  treatment process 

and groundwater treatment requirements. A 1000 gpm plant 

(1.5 mgd) would require a two-year soi l  cleaning program. 

An alternative to this extended duration would be to 

construct a larger water treatment faci l i ty (3000 - 5000 

gpm) and treat the soi ls in a much shorter period of t ime (3 

to 6 months). This approach wil l  have a much higher cost 

for the interim and temporary use of the larger treatment 

plant capacity. 

Implementation of this alternative has moderate safety 
impacts. 

RT 1 - Safety 

There are several safety concerns regarding impacts to the 

local neighborhood that must be addressed during the soi l  

removal, treatment and replacement process. Highly 

contaminated soi ls wil l  be removed and stockpiled on site 

with potential exposure to the public. Considerations such 

as fencing, airborne contamination during dry periods, and 

surface water must be addressed. The safety impacts to the 

neighboring community during this t ime period wil l  be higher 

than under the No Action Alternative or exist ing condit ions. 

These condit ions are expected to remain on the site for up 
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to two years. However dust suppression techniques and 

appropriate att ire for workers wil l  l ikely al leviate 

potential concerns. Worker safety for operation and 

maintenance of the faci l i ty is anticipated to be similar to 

that found in other industrial and mining process operations 

handling hazardous materials. These safety implications are 

relatively short term for the soi l  treatment program. 

RT 1 - Other Considerations 

This alternative does reduce contaminant toxicity by 

removing soi ls with chromium in excess of 550 ppm. Mobil i ty 

is reduced in that i t  is assumed that at this chromium 

level, availabi l i ty to site groundwater is essential ly 

el iminated. Contaminant volume is reduced by chromium 

removal through metals recovery, i f  appropriate. The 

alternative is consistent with SARA objectives in that land 

and off-site disposal are not included. 

Groundwater. Remove. Treat and Reinject IR/T/Rl 

The purpose of the groundwater pump and treat program in the 

interim period (0 to 15 years) is to contain the contaminant 

plume. In approximately 15 years, the purpose is to clean 

up the Level A aquifer plume to an MCL level of .05 ppm 
total chromium. 

RT 1 - Performance 

Immediate reduction in the chromium source wil l  not have an 

immediate impact on groundwater quali ty. I t  has been 

estimated that removal of surface and subsurface soi ls with 

chromium concentrations greater than 550 ug/g ( i .e., the 
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chromium source) is needed to bring groundwater cleanup 

levels in the contaminated plume to an MCL l imit of .05 ppm 

total chromium in approximately 15 years. 

The pump, treat and reinject alternative can effectively 

meet the intended purpose of interim plume containment and 

longer term plume cleanup to the MCL level. The alternative 

uses proven technologies for groundwater pumping (wells), 

water treatment (air str ipping/ion exchange) and reinjection 

(wells). This alternative has demonstrated performance at 

other sites for plume containment and is the best 

alternative for groundwater plume cleanup for organics ( in 

situ alternatives have been el iminated in Chapter 3). The 

groundwater remove, treat and reinject alternative would 

have a useful l i fe of 30 years which is adequate given the 

t ime l ikely needed for cleanup (15 years). 

RT 1 - Reliabi l i ty 

The pump/treat/reinject technology is rel iable based on 

performance data from other similar uses. The technologies 

do not require unusual or unique materials or labor 

requirements. However, they do require state-of-the-art 

equipment, materials and operating labor. Due to the number 

of components involved in the pump, treat and reinjection 

alternative and the potential for extended operation, some 

redundant safety and treatment quali ty control 

instrumentation and other features wil l  have to be bui l t  

into the operation and maintenance program. For example, a 

short term reduction in treated water quali ty due to either 

human or equipment error could lead to discharge of 

contaminated water into the reinjection area. By using 

modern control and monitoring systems the rel iabi l i ty of the 

pump, treat and reinject alternative wil l  be rated high. 
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RT I  - Implementabil  i tv 

This alternative could be implemented relatively easily and 

in a reasonable t ime from the technical viewpoint. I t 's 

estimated the alternative could be planned, designed, 

reviewed, constructed and implemented in less than 18 

months. There are no site restr ict ions or physical features 

that would prevent construction of this alternative. 

The immediate benefits are plume containment with startup of 

the pump, treat and inject system. Signif icant beneficial 

effects in groundwater quali ty within the plume may not be 
seen for years. 

Safety 

Safety issues appear to be negligible in implementing this 

program. This applies to both local neighborhoods and 

workers constructing and operating the faci l i ty. 

RT 1 - Other Considerations 

This alternative reduces contaminant volume in groundwater 

through treatment and subsequent metal recovery, i f  
appropriate. 

Building Demolit ion 

The purpose of the building demolit ion alternative is to 

protect against human health effects from contamination on 

building surfaces and subsurface soi ls beneath the building. 

Demolit ion of the building, disposal of the building debris 

and removal of subsurface soi ls wil l  meet this objective. 
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Labor and equipment are readily available to implement this 

alternative. I t  is estimated that building demolit ion and 

removal could occur in three months. 

Demolit ion may produce low-level, short-term safety hazards 

to the general public in adjacent neighborhoods or to 

workers in the adjacent industrial sites through airborne 

part iculates. To mit igate any potential hazards, dust 

suppression wil l  be mandated during construction and workers 

wil l  be required to use appropriate respiratory equipment. 

Worker safety during demolit ion wil l  be similar to other 

building demolit ion projects, except special procedures for 

handling contaminated materials wil l  be implemented. 

RT 1A (Soil  Stabil ization! 

The RT 1A alternative is the same as RT 1; however i t  uses 

soi l  stabil ization and replacement as the soi l  treatment 

process instead of soi l  washing with acid/base solvents for 

chromium extraction. The groundwater pump, treat, and 

reinject system wil l  remain the same. The RT 1A alternative 

wil l  meet the same performance objectives as RT 1. 

Soil  stabil ization is also considered an innovative 

technology. Pi lot and bench scale studies wil l  have to be 

completed on the FHC soi l  to determine i ts effectiveness in 

containing the chromium; however stabil ization methods have 

proven successful in other areas on inorganic contaminants. 

An advantage of soi l  stabil ization is that the materials 

could be removed, stabil ized and replaced as backfi l l  in a 2 

to 3 month period, compared to soi l  washing treatment 

techniques which could take up to two years considering the 

l imitation factor of the on-site water treatment system. 
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Another advantage is that pi lot/bench testing may be able to 

be conducted in a shorter period of t ime al lowing 

implementation to proceed sooner. 

Safety considerations are similar to those in RT-1. 

The RT 1A alternative is consistent with SARA objectives in 

that land and off-site disposal are not included. 

.4 RT 2 and RT 2A (Surface and Subsurface soi l ,  Remove, Treat, 

Replace; Demolish Structure; and Groundwater, Remove, Treat, 

Discharge) 

This alternative includes short term (immediate), interim ( 0 to 

15 years) and long term ( in excess of 20 years) objectives. The 

short term objective of the alternative is to prevent health and 

environmental impacts from airborne contaminants, soi l  ingestion, 

contact with internal building surfaces, contact with contaminated 

surface waters, and off-site migration of contaminants with 

surface water. The interim objective is to contain movement of 

the contaminant plume. The long term objective is to reduce 

contaminant levels in the plume to meet ARARs applicable to the 
site. 

a. Soil  Remove. Treat and Replace 

RT 2 - Performance 

Surface and subsurface soi l  removal, treatment with solvent 

extraction (soi l  washing) and replacement is considered an 

innovative and new technology based on the site condit ions 

(high clay soi ls) and the extremely low levels of chromium 

found in the soi ls. I f  selected as the preferred remedial 
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action alternative, pi lot testing wil l  be required during 

f inal design to determine the appropriateness of assumed 

plant sizing. 

RT 2 - Reliabi l i tv 

Operation and maintenance requirements are included in the 

l i fe cycle cost analysis. However, because soi l  treatment 

under the condit ions found at FHC require innovative 

treatment schemes, these costs cannot be as clearly defined 

as for other alternatives. The soi l  treatment process for 

these types of soi ls (high clay) has not been demonstrated 

at similar sites. Therefore rel iabi l i ty is uncertain. 

RT 2 - Implementabil i tv 

The abi l i ty to implement this alternative in a reasonable 

t ime period ranges from moderately dif f icult to very 

dif f icult.  Success of this alternative is dependent on the 

specif ic site condit ions found at Frontier Hard Chrome. 

Therefore bench scale and pi lot testing wil l  be a cr i t ical 

part of the development of this alternative. A signif icant 

prel iminary remedial design phase with pi lot testing wil l  be 

required that could be six months to one year alone. I t  is 

anticipated that the t ime to complete pi lot studies, 

planning, reviews, approval, design, construct, trouble 

shoot and start up this alternative is expected to take a 

minimum of two years. 

The duration of the soi l  treatment period is dependent on 

the size of the water treatment faci l i ty and i ts abil i ty to 

handle both the l iquid phase of the soi l  treatment process 

and groundwater treatment requirements. A 1000 gpm plant 

(1.5 mgd) would require a two-year soi l  cleaning program. 
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An alternative to this extended duration would be to 

construct a larger water treatment faci l i ty (3000 - 5000 

gpm) and treat the soi ls in a much shorter period of t ime (3 

to 6 months). This approach wil l  have a much higher cost 

for the interim and temporary use of the larger treatment 
plant capacity. 

Implementation of this alternative has moderate safety 

impacts. 

RT 2 - Safety 

There are several safety concerns regarding impacts to the 

local neighborhood that must be addressed during the soi l  

removal, treatment and replacement process. Highly 

contaminated soi ls wil l  be removed and stockpiled on site 

with potential exposure to the public. Considerations such 

as fencing, airborne contamination during dry periods, and 

surface water must be addressed. The safety impacts to the 

neighboring community during this t ime period wil l  be higher 

than under the No Action Alternative or exist ing condit ions. 

These condit ions are expected to remain on the site for up 

to two years. However dust suppression techniques and 

appropriate att ire for workers wil l  l ikely al leviate 

potential concerns. Worker safety for operation and 

maintenance of the faci l i ty is anticipated to be similar to 

that found in other industrial and mining process operations 

handling hazardous materials. These safety implications are 

relatively short term for the soi l  treatment program. 

Other Considerations 

This alternative does reduce contaminant toxicity by 

removing soi ls with chromium in excess of 550 ppm. Mobil i ty 
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is reduced in that i t  is assumed that at this chromium 

level, availabi l i ty to site groundwater is essential ly 

el iminated. Contaminant volume is reduced by chromium 

removal through metals recovery, i f  appropriate. The 

alternative is consistent with SARA objectives in that land 

and off-site disposal are not included. 

Groundwater. Remove. Treat and Discharge (R/T/Pischarael 

The purpose of the groundwater pump and treat program in the 

interim period (0 to 15 years) is to contain the contaminant 

plume. In approximately 15 years the purpose is to clean up 

the Level A plume to an MCL level of 0.05 ppm total 
chromium. 

RT 2 - Performance 

Assuming the chromium-contaminated soi ls are removed or 

treated and replaced, as discussed in 5.2.3.a, the result ing 

immediate reduction in the chromium source wil l  not have an 

immediate impact on groundwater quali ty. I t  has been 

estimated that removal of surface and subsurface soi ls with 

chromium concentrations greater than 550 ug/g ( i .e., the 

chromium source) is needed to bring groundwater cleanup 

levels in the contaminated plume to an MCL l imit of 0.05 ppm 

total chromium in approximately 15 years. 

The pump, treat and discharge alternative can effectively 

meet the intended purpose of interim plume containment and 

longer term plume cleanup to the MCL level. The alternative 

uses proven technologies for groundwater pumping (wells), 

water treatment (air str ipping/ion exchange) and discharge 

(pressure l ine with r iver outfal l).  This alternative has 

demonstrated performance at other sites for plume 
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containment and is the best alternative for groundwater 

plume cleanup ( in situ alternatives have been el iminated in 

Chapter 3). The groundwater remove, treat and discharge 

alternative would have a useful l i fe of 30 years which is 

adequate given the t ime needed for cleanup (approximately 15 
years). 

RT 2 - Reli  abi1itv 

The pump/treat/discharge technology is rel iable based on 

performance data from other similar uses. The technologies 

do not require unusual or unique materials or labor 

requirements. However, they do require state-of-the-art 

equipment, materials and operating labor. Due to the number 

of components involved in the pump, treat and discharge 

alternative and the potential for extended operation, some 

redundant safety and treatment quali ty control 

instrumentation and other features wil l  have to be bui l t  

into the operation and maintenance program. For example a 

short term reduction in treated water quali ty due to either 

human or equipment error could lead to discharge of 

contaminated water into the reinjection area. By using 

modern control and monitoring systems the rel iabi l i ty of the 

pump, treat and reinject alternative wil l  be rated high. 

RT 2 - Implementabil  i t .v 

This alternative could be implemented relatively easily and 

in a reasonable t ime from the technical viewpoint. I t  is 

estimated the alternative could be planned, designed, 

reviewed, constructed and implemented in less than 18 months 

assuming satisfaction of NPDES permit requirements does not 
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cause delays. There are no site restr ict ions or physical 

features that would prevent construction of this 
alternative. 

The immediate benefits are plume containment with startup of 

the pump, treat and discharge system. Signif icant 

beneficial effects in groundwater quali ty within the plume 

may not be seen for years. 

RT 2 - Safety 

Safety issues appear to be negligible in implementing the 

water treatment/discharge aspect of this program. This 

applies to both local neighborhoods and workers constructing 

and operating the faci l i ty. 

RT 2 - Other Considerations 

This alternative reduces contaminant volume in groundwater 

through treatment and subsequent metal recovery, i f  
appropriate. 

Building Demolit ion 

The purpose of the building demolit ion alternative is to 

protect against human health effects from contamination on 

building surfaces and subsurface soi ls beneath the building. 

Demolit ion of the building, disposal of the building debris 

and removal of subsurface soi ls wil l  meet this objective. 

Labor and equipment are readily available to implement this 

alternative. I t  is estimated that building demolit ion and 

removal could occur in three months. 
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Demolit ion may produce low-level, short-term safety hazards 

to the general public in adjacent neighborhoods or to 

workers in the adjacent industrial sites through airborne 

part iculates. To mit igate any potential hazards, dust 

suppression wil l  be mandated during construction and workers 

wil l  be required to use appropriate respiratory equipment. 

Worker safety during demolit ion wil l  be similar to other 

building demolit ion projects, except special procedures for 

handling contaminated materials wil l  be implemented. 

RT 2A (Soil  Stabil ization! 

The RT 2A alternative is the same as RT 2; however i t  uses 

soi l  stabil ization and replacement as the soi l  treatment 

process instead of soi l  washing with acid/base solvents for 

chromium extraction. The groundwater pump, treat, and 

reinject system wil l  remain the same. The RT 2A alternative 

wil l  meet the same performance objectives as RT 2. 

Soil  stabil ization is also considered an innovative 

technology. Pi lot and bench scale studies wil l  have to be 

completed on the FHC soi l  to determine i ts effectiveness in 

containing the chromium; however stabil ization methods have 

proven successful in other areas on inorganic contaminants. 

An advantage of soi l  stabil ization is that the materials 

could be removed, stabil ized and replaced as backfi l l  in a 2 

to 3 month period, compared to soi l  washing treatment 

techniques which could take up to two years considering the 

l imitation factor of the on-site water treatment system. 

Another advantage is that pi lot/bench testing may be able to 

be conducted in a shorter period of t ime al lowing 

implementation to proceed sooner. 

Safety considerations are similar to those in RT-2. 
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The RT 2A alternative is consistent with SARA objectives in 

that land and off-site disposal are not included. 

.5 RD 1 (Surface and Subsurface Soil ,  Remove, Dispose; Building 

Demolit ion; and Groundwater Remove, Treat, Reinject) 

This alternative includes short term (immediate), interim ( 0 to 

15 years) and long term ( in excess of 15 years) objectives. The 

short term objective of the alternative is to prevent health and 

environmental impacts from airborne contaminants, soi l  ingestion, 

removal of surface and subsurface chromium source material, 

prevent contact with internal building surfaces, contact with 

contaminated surface waters, and off-site migration of 

contaminants with surface water. The interim objective is to 

contain movement of the contaminant plume. The long term objective 

is to reduce contaminant levels in the groundwater plume to meet 

ARARs applicable to the site. 

a. Soil .  Removal and Disposal 

Soil  removal, disposal and replacement with clean f i l l  wil l  

be effective in preventing health and environmental impacts 

due to airborne contaminants, soi l  ingestion, contact with 

contaminated surface waters and preventing off-site 

migration of contaminants with surface water. Effectiveness 

in mit igating groundwater contaminants is discussed for this 

alternative under the groundwater technical discussion. 

RD 1 - Reliabi l i ty 

Soil  removal, disposal and replacement with clean f i l l  is a 

rel iable and effective soil  remediation alternative. RI 

results suggest that the contaminated soi ls wil l  l ikely not 
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be designated as dangerous or extremely hazardous wastes 

based on EP toxicity testing. This suggests that the soi ls 

can be disposed off-site in a landfi l l  which meets 

requirements of 173-304 WAC for "problem" waste. Addit ional 

testing during the remediation effort wil l  be completed to 

segregate soi ls that may need disposal in a RCRA permitted 

hazardous waste landfi l l .  

RD 1 - Implementabil  i tv 

This alternative requires the use of conventional earth 

excavating equipment (bulldozers, loaders, clam shells and 

trucks). Labor and equipment are readily available. This 

port ion of the RD 1 Alternative could be implemented and 

completed in three months. Beneficial impacts to air and 

surface water quali ty would be immediate. Impacts on 

groundwater quali ty wil l  not be noticed for several years 

assuming a groundwater pump and treat alternative is also 

instal led. Maintenance monitoring of the on-site landfi l l  
wi l l  be required. 

RD 1 - Safety 

Removal of soi ls wil l  result in some airborne contamination. 

However, dust suppression techniques and appropriate safety 

att ire for workers wil l  l ikely al leviate potential concerns. 

Also applicable Department of Transportation (DOT) and 

Environmental Protection Agency (EPA) regulations for 

transport of hazardous materials wil l  be fol lowed. 

RD 1 - Other Consideration?: 

This alternative does not reduce soi l  contaminant volume or 

toxicity but does reduce mobil i ty by placing contaminated 
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soil  in appropriately designed RCRA or Chapter 173-304 WAC 

landfi l ls. The alternative does rely heavily on land 

disposal, and in this sense is less favored under SARA 

objectives. 

Groundwater. Remove. Treat and Reinject 

The purpose of the groundwater pump and treat program in the 

interim period (0 to 15 years) is to contain the contaminant 

plume. In approximately 15 years, the purpose is to clean 

up the Level A aquifer plume to an MCL level of 0.05 ppm 

total chromium. 

Performance 

Immediate reduction in the chromium source wil l  not have an 

immediate impact on groundwater quali ty. I t  has been 

estimated that removal of surface and subsurface soi ls with 

chromium concentrations greater than 550 ug/g ( i .e., the 

chromium source) is needed to bring groundwater cleanup 

levels in the contaminated plume to an MCL l imit of 0.05 ppm 
total chromium. 

The pump, treat and reinject alternative can effectively 

meet the intended purpose of interim plume containment and 

longer term plume cleanup to the MCL level. The alternative 

uses proven technologies for groundwater pumping (wells), 

water treatment (air str ipping/ion exchange) and reinjection 

(wells). This alternative has demonstrated performance at 

other sites for plume containment and is the best 

alternative for groundwater plume cleanup for organics ( in 

situ alternatives have been el iminated in Chapter 3). The 
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groundwater remove, treat and reinject alternative w^uld 

have a useful l i fe of 30 years which is adequate given the 

t ime needed for cleanup (approximately 15 years). 

RD 1 - Reliabi l i ty 

The pump/treat/reinject technology is rel iable based on 

performance data from other similar uses. The technologies 

do not require unusual or unique materials or labor 

requirements. However, they do require state-of-the-art 

equipment, materials and operating labor. Due to the number 

of components involved in the pump, treat and reinjection 

alternative and the potential for extended operation, some 

redundant safety and treatment quali ty control 

instrumentation and other features wil l  have to be bui l t  

into the operation and maintenance program. For example, a 

short term reduction in treated water quali ty due to either 

human or equipment error could lead to discharge of 

contaminated water into the reinjection area. By using 

modern control and monitoring systems the rel iabi l i ty of the 

pump, treat and reinject alternative wil l  be rated high. 

RD 1 -Implementabil i tv 

This alternative could be implemented relatively easily and 

in a reasonable t ime from the technical viewpoint. I t  is 

estimated the alternative could be planned, designed, 

reviewed, constructed and implemented in less than 18 

months. There are no site restr ict ions or physical features 

that would prevent construction of this alternative. 
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The immediate benefits are plume containment with startup of 

the pump, treat and inject system. Signif icant beneficial 

effects in groundwater quali ty within the plume may not be 

seen for several years. 

RD 1 - Safety 

Safety issues appear to be negligible in implementing this 

program. This applies to both local neighborhoods and 

workers constructing and operating the faci l i ty. 

RD 1 - Other Considerations 

This alternative reduces contaminant volume in groundwater 

through treatment and subsequent metal recovery, i f  
appropri ate. 

Building Demolit ion 

The purpose of the building demolit ion alternative is to 

protect against human health effects from contamination on 

building surfaces and subsurface soi ls beneath the building. 

Demolit ion of the building, disposal of the building debris 

and removal of subsurface soi ls wil l  meet this objective. 

Labor and equipment are readily available to implement this 

alternative. I t  is estimated that building demolit ion and 

removal could occur in three months. 

Demolit ion may produce low-level, short-term safety hazards 

to the general public in adjacent neighborhoods or to 

workers in the adjacent industrial sites through airborne 

part iculates. To mit igate any potential hazards, dust 
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suppression wil l  be mandated during construction and wor ers 

wil l  be required to use appropriate respiratory equipment. 

Worker safety during demolit ion wil l  be similar to other 

building demolit ion projects, except special procedures for 

handling contaminated materials wil l  be implemented. 

.6 RD 2 (Surface/Subsurface Soil ,  Remove, Dispose, Building 

Demolit ion; Groundwater Pump, Treat and Discharge) 

This alternative addresses short term (immediate), interim ( 0 to 

15 years) and long term ( in excess of 15 years) objectives. The 

short term objective of the alternative is to prevent health and 

environmental impacts from airborne contaminants, soi l  ingestion, 

contact with internal building surfaces, contact with contaminated 

surface waters, and off-site migration of contaminants with 

surface water. The interim objective is to contain movement of 

the contaminant plume. The long term objective is to reduce 

contaminant levels in the plume to meet ARARs applicable to the 
site. 

a. Soil .  Removal and Disposal 

Soil  removal, disposal and replacement with clean f i l l  wil l  

be effective in preventing health and environmental impacts 

due to airborne contaminants, soi l  ingestion, contact with 

contaminated surface waters and preventing off-site 

migration of contaminants with surface water. Effectiveness 

in mit igating groundwater contaminants is discussed for this 

alternative under the groundwater technical discussion. 

RD 2 - Reliabi l i tv 

Soil  removal, disposal and replacement with clean f i l l  is a 

rel iable and effective soil  remediation alternative. RI 
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results suggest that the contaminated soi ls l ikely wil l  not 

be designated as dangerous or extremely hazardous wastes 

based on EP toxicity testing. This suggests that the soi ls 

can be disposed off-site in a landfi l l  which meets 

requirements of 173-304 WAC for "problem" waste. Addit ional 

testing during the remediation effort wil l  be completed to 

segregate soi ls that may need disposal in a RCRA permitted 

hazardous waste landfi l l .  

RD 2 - Implementabil i tv 

This alternative requires the use of conventional earth 

excavating equipment (bulldozers, loaders, clam shells and 

trucks). Labor and equipment are readily available. This 

port ion of the RD 2 Alternative could be implemented and 

completed in three months. Beneficial impacts to air and 

surface water quali ty would be immediate. Impacts on 

groundwater quali ty wil l  not be noticed for several years 

assuming a groundwater pump and treat alternative is also 

instal led. Maintenance monitoring of the on-site landfi l l  

wi l l  be required. 

RD 2 - Safety 

Removal of soi ls wil l  result in some airborne contamination. 

However, dust suppression techniques and appropriate safety 

att ire for workers wil l  l ikely al leviate potential concerns. 

Also applicable Department of Transportation (DOT) and 

Environmental Protection Agency (EPA) regulations for 

transport of hazardous materials wil l  be fol lowed. 
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RD 2 - Other Considerations 

This alternative does not reduce soi l  contaminant volume or 

toxicity but does reduce mobil i ty by placing contaminated 

soi l  in appropriately designed RCRA or Chapter 173-304 WAC 

landfi l ls. The alternative does rely heavily on land 

disposal, and in this sense is less favored under SARA 
objectives. 

Groundwater. Remove. Treat and Discharge (R/T/Discharael 

The purpose of the groundwater pump and treat program in the 

interim period (0 to 15 years) is to contain the contaminant 

plume. In approximately 15 years the purpose is to clean up 

the Level A aquifer plume to an MCL level of 0.05 ppm total 
chromium. 

RD 2 - Performance 

Assuming the chromium-contaminated soi ls are removed or 

treated and replaced, as discussed in 5.2.3.a, the result ing 

immediate reduction in the chromium source wil l  not have an 

immediate impact on groundwater quali ty. I t  has been 

estimated that removal of surface and subsurface soi ls with 

chromium concentrations greater than 550 ug/g ( i .e., the 

chromium source) is needed to bring groundwater cleanup 

levels in the contaminated plume to an MCL l imit of 0.05 ppm 

total chromium in 15 years. 

The pump, treat and discharge alternative can effectively 

meet the intended purpose of interim plume containment and 

longer term plume cleanup to the MCL level. The alternative 

uses proven technologies for groundwater pumping (wells), 
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water treatment (air str ipping/ion exchange) and discharge 

(pressure l ine with r iver outfal l).  This alternative has 

demonstrated performance at other sites for plume 

containment and is the best alternative for groundwater 

plume cleanup ( in situ alternatives have been el iminated in 

Chapter 3). The groundwater remove, treat and discharge 

alternative would have a useful l i fe of 30 years which is 

adequate given the t ime needed for cleanup (approximately 15 

years). 

RD 2 - Reli  abi1itv 

The pump/treat/discharge technology is rel iable based on 

performance data from other similar uses. The technologies 

do not require unusual or unique materials or labor 

requirements. However, they do require state-of-the-art 

equipment, materials and operating labor. Due to the number 

of components involved in the pump, treat and discharge 

alternative and the potential for extended operation, some 

redundant safety and treatment quali ty control 

instrumentation and other features wil l  have to be bui l t  

into the operation and maintenance program. For example, a 

short term reduction in treated water quali ty due to either 

human or equipment error could lead to discharge of 

contaminated water into the Columbia River. By using modern 

control and monitoring systems the rel iabi l i ty of the pump, 

treat and reinject alternative wil l  be rated high. 

RD 2 - Implementabil i tv 

This alternative could be implemented relatively easily and 

in a reasonable t ime from the technical viewpoint. I t  is 

estimated the alternative could be planned, designed, 

reviewed, constructed and started up in less than 18 months 
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assuming the NPDES permit process does not become an 

obstacle. There are no site restr ict ions or physical 

features that would prevent construction of. this 

alternative. 

The immediate benefits are plume containment with startup of 

the pump, treat and discharge system. Signif icant 

beneficial effects in groundwater quali ty within the plume 

may not be seen for years. 

RD 2 -  Safety 

Safety issues appear to be negligible in implementing the 

water treatment/discharge aspect of this program. This 

applies to both local neighborhoods and workers constructing 

and operating the faci l i ty. 

RD 2 - Other Considerations 

This alternative reduces contaminant volume in groundwater 

through treatment and subsequent metal recovery, i f  

appropriate. 

Building Demo!it ion 

The purpose of the building demolit ion alternative is to 

protect against human health effects from contamination on 

building surfaces and subsurface soi ls beneath the building. 

Demolit ion of the building, disposal of the building debris 

and removal of subsurface soi ls wil l  meet this objective. 

Labor and equipment are readily available to implement this 

alternative. I t  is estimated that building demolit ion and 

removal could occur in three months. 
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Demolit ion may produce low-level, short-term safety hazards 

to the general public in adjacent neighborhoods or to 

workers in the adjacent industrial sites through airborne 

part iculates. To mit igate any potential hazards, dust 

suppression wil l  be mandated during construction and workers 

wil l  be required to use appropriate respiratory equipment. 

Worker safety during demolit ion wil l  be similar to other 

building demolit ion projects, except special procedures for 

handling contaminated materials wil l  be implemented. 

7 SS (Surface/Subsurfce Soil ,  Remove/Stabil ize/Replace; Building 
Demolit ion) 

This alternative includes short term (immediate) and long term ( in 

excess of 15 years) objectives. The short term objective of the 

alternative is to prevent health and environmental impacts from 

airborne contaminants, soi l  ingestion, contact with internal 

building surfaces, contact with contaminated surface waters, and 

off-site migration of contaminants with surface water. The long 

term objective is to reduce contaminant levels in the plume to 

meet ARARs applicable to the site. 

a. Soil  Remove. Treat and Replace 

SS - Performance 

Soil  stabil ization is also considered an innovative 

technology. Pi lot and bench scale studies wil l  have to be 

completed on the FHC soi ls to determine i ts effectiveness in 

containing the chromium; however stabil ization methods have 

proven successful in other areas on inorganic contaminants. 

Evidence suggests that a cementit ious sol idif ication process 

has a decreasing tendency to leach contaminants. 
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SS - Reliabi l i ty 

Because soi l  stabil ization techniques are relatively new and 

many procedures associated with the process are not well 

understood, the rel iabi l i ty is rated low. 

SS - Implementabil i tv 

The excavation, material handling, mixing and backfi l l  

technologies are commonplace. The soi l  stabil ization wil l  

require a pi lot study. Al l  remedial activit ies take place 

on-site so that external inf luences are minimal. 

An advantage of soi l  stabil ization is that the materials 

could be removed, stabil ized and replaced as backfi l l  in a 2 

to 3 month period, compared to soi l  washing treatment 

techniques which could take up to two years considering the 

l imit ing factor of the on-site water treatment system. 

Another advantage is that pi lot/bench testing may be able to 

be conducted in a shorter period of t ime al lowing 

implementation to proceed sooner. The rat ing for 

implementabi1ity is moderate. 

SS - Safety 

There are several safety concerns regarding impacts to the 

local neighborhood that must be addressed during the soi l  

removal, treatment and replacement process. Highly 

contaminated soi ls wil l  be removed and stockpiled on site 

with potential exposure to the public. Considerations such 

as fencing, airborne contamination during dry periods, and 

surface water must be addressed. The safety impacts to the 

neighboring community during this t ime period wil l  be higher 
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than under the No Action Alternative or exist ing condit ions. 

These condit ions are expected to remain on the site for only 

a few months. However dust suppression techniques and 

appropriate att ire for workers wil l  l ikely al leviate 

potential concerns. Worker safety for operation and 

maintenance of the faci l i ty is anticipated to be similar to 

that found in other industrial and mining process operations 

handling hazardous materials. These safety implications are 

relatively short term for the soi l  treatment program and are 

therefore rated high. 

Building Demolit ion 

The purpose of the building demolit ion alternative is to 

protect against human health effects from contamination on 

building surfaces and subsurface soi ls beneath the building. 

Demolit ion of the building, disposal of the building debris 

and removal of subsurface soi ls wil l  meet this objective. 

Labor and equipment are readily available to implement this 

alternative. I t  is estimated that building demolit ion and 

removal could occur in three months. 

Demolit ion may produce low-level, short-term safety hazards 

to the general public in adjacent neighborhoods or to 

workers in the adjacent industrial sites through airborne 

part iculates. To mit igate any potential hazards, dust 

suppression wil l  be mandated during construction and workers 

wil l  be required to use appropriate respiratory equipment. 

Worker safety during demolit ion wil l  be similar to other 

building demolit ion projects, except special procedures for 

handling contaminated materials wil l  be implemented. 

5 -35  



INSTITUTIONAL REQUIREMENTS 

This section of the Feasibi l i ty Study presents a prel iminary discussion 

and evaluation of the insti tut ional concerns regarding the Frontier Hard 

Chrome site remedial action alternatives as described in Section 4.0. 

These concerns are divided into four categories as presented in Table 5-

1: 

(1) Conformance to Applicable or Relevant and Appropriate 

Requirements (ARARs) 

(2) Permitt ing requirements 

(3) Community concerns 

(4) Other insti tut ional controls 

An overview of these categories, start ing with a detai led description of 

the ARARs, is presented f irst, fol lowed by a prel iminary evaluation of 

the remedial action alternatives with reference to these insti tut ional 
concerns. 

5.3.1 Conformance with Applicable or Relevant and Appropriate 

Requirements (ARARs) 

In the 1985 revision of the National Contingency Plan (NCP) which 

implements CERCLA, as well  as the 1985 amendments to CERCLA, an 

EPA policy was developed and presented which presents the concept 

of "relevant and appropriate requirements," or ARARs. SARA 

requires that the selected remedy comply with ARARs unless certain 

cri teria apply which are l isted on page 3-2. 
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AddI icable requirements are those that would apply i f  CERCLA had 

not pre-empted them. As the name implies, the associated 

standards of the applicable regulations may be required; these 

requirements may be considered to be of primary importance. This 

pol icy insures that public health and the environment are 

protected from activit ies which are contracted by the government 

as strenuously as they are from the actions of private industry. 

Relevant requirements are those designed to apply to problems 

suff iciently similar to those encountered at the site. Only those 

relevant requirements which are also appropriate for site-specif ic 

condit ions are to be considered. 

5.3.2 Permitt ing Requirements 

Superfund-f inanced remediation efforts do not necessari ly require 

permits for compliance with federal or state environmental 

regulations. This is to prevent delays in implementing cleanup 

actions. Compliance with the intent of these regulations is 

nonetheless an objective of site remedial actions. A brief 

description of the permits and applications which could be 

required for the various alternatives is therefore provided. 

Relevant permits and applications are described in more detai l  in 

the subsequent sections for specif ic alternatives. 

5.3.3 Community Concerns 

This aspect of insti tut ional concerns involves the public and how 

acceptable the chosen alternatives might be to them. The 

fol lowing is a l ist of community concerns expressed to date: 

(1) Human health effects result ing from airborne (dust) 

contamination 
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(2) Human health effects result ing from ground and surface water 

contamination and off-site migration of contaminants 

(3) Socio/economic impacts 

(4) Environmental impacts 

These issues have been discussed previously in Section 1.2.3 -

Community Concerns. 

5.3.4 Other Insti tut ional Control 

This last aspect of insti tut ional concerns brief ly addresses the 

insti tut ional restr ict ions that wil l  be necessary in combination 

with the remedial action that wil l  prevent public exposure to the 

contaminants. These may include land use restr ict ions, well 

permits, and structure use permits, bui lding permits, etc. 

5.3.5 N/A (No Action Alternative) 

ARARs 

The No Action Alternative consists only of on site groundwater 

monitoring of future plume migration. Under the No Action 

Alternative, the ambient air quali ty long term ARARs for chromium, 

lead and nickel are apparently not exceeded, either separately or 

for cumulative part iculate metal concentrations (see Appendix A -

para. 8.3.1). Health r isks due to airborne contamination under 

the No Action Alternative do not exceed r isk levels of 10"® to the 

general public or to workers on site based on average site 

condit ions for carcinogenicity (chromium, nickel). Airborne lead 

levels apparently do not exceed the national ambient air quali ty 

standard (see Appendix A, Endangerment Assessment). However, the 
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potential exists for short-term exposure to airborne contaminants 

at concentrations over those determined acceptable based on 

standards or r isk assessment protocol. 

Under the No Action Alternative ARARs for drinking water are 

exceeded in groundwater. In addit ion, the MCL for chromium in 

groundwater, 0.05 ppm, would be exceeded. However, there are no 

current users of the contaminated groundwater. Insti tut ional 

controls may help prevent development of groundwater supplies in 
contaminated areas. 

Freshwater chronic aquatic toxicity standards (0.011 ppm Cr+6) are 

also exceeded in the groundwater around the site and in some of 

the hypothetical groundwater locations near the r iver which were 

part of the groundwater modeling effort. However, aquatic 

standards are applicable for the r iver water and, given the 

chromium concentrations measured and projected near the r iver, i t  

is very unlikely that the chronic aquatic standards are or wil l  be 
exceeded in the r iver. 

NA - Permitt ing Requirements 

The No Action Alternative includes the instal lat ion of a 

groundwater monitoring network consistent with groundwater well  

instal lat ion rules and regulations. Permit processes may be 
expedited for this alternative. 

NA - Community Concerns 

The No Action Alternative addresses some but not al l  of the major 

community concerns. The Endangerment Assessment included in this 

Feasibi l i ty Study predicts, based on average events and average 

concentrations, that no adverse health affects wil l  result from 
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airborne contaminants under the No Action Alternative; however 

this assessment has not ruled out the potential for l imited short 

term air quali ty problems. 

The Endangerment Assessment also indicated that no undue r isk was 

anticipated from surface water under the No Action Alternative. 

The No Action Alternative wil l  minimize the potential development 

and use of the site and possibly adjacent sites and may have 

adverse socio-economic impacts on the area. Therefore the No 

Action Alternative does not mit igate this community concern. 

The No Action Alternative also does not address community concerns 

related to the potential for contamination of public drinking 

water supplies either from contaminant migration, instal lat ion of 

new wells within the area of contamination, or from changes in 

pumping patterns in exist ing wells. 

The No Action Alternative does not address the health and 

environmental concerns expressed by the community except through 
insti tut ional controls. 

NA - Other Insti tut ional Controls 

In the No Action Alternative some public exposure to contaminants 

could be reduced through land use restr ict ions. The contaminated 

area may be restr icted for the dri l l ing and development of future 

wells and water supplies, both public and private; however 

currently there is no legal mechanism in place to al low this. 

Insti tut ional controls could also restr ict future use of the FHC 

si te although these may be dif f icult to implement. Such 

restr ict ions could include prohibit ions on subsurface construction 

activit ies, and demolit ion and remodeling of the exist ing 
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building. Restrict ions could also be obtained by physical 

barriers or warning signs or both for site access as well  as entry 

to the buildings. 

5.3.6 SO (Surface Only Alternative) 

ARARs 

The SO Alternative includes surface soi l  removal and a groundwater 

monitoring program as remedial measures for the site. Under the 

SO Alternative, the l ikely ARARs for ambient air quali ty for 

chromium, lead and nickel, either separately or in total, are not 
exceeded. 

Under the SO Alternative ARARs for drinking water are exceeded in 

groundwater including the chromium MCL of 0.05 ppm. However, 

there are no current users of the contaminated groundwater. 

Insti tut ional controls may help prevent development of groundwater 

supplies in contaminated areas. 

Freshwater chronic aquatic toxicity standards (0.011 ppm Cr+6) are 

also exceeded in the groundwater around the site and in some of 

the hypotetical groundwater locations near the r iver which were 

part of the groundwater modeling effort. However, aquatic 

standards are applicable for the r iver water and, given the 

chromium concentrations measured and projected near the r iver, i t  

is very unlikely that the chronic aquatic standards are or wil l  be 
exceeded in the r iver. 

SO - Permitt ing Requirements 

The SO Alternative includes the instal lat ion of a groundwater 

monitoring network consistent with groundwater well  instal lat ion 

rules and regulations. In addit ion off-site disposal of wastes 
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must be in accordance with applicable regulation pertaining to 

transportation and disposal of designated dangerous or extremely 

hazardous waste (Chapter 173-303 WAC). On-site landfi l l  

construction wil l  be in accordance with WDOE requirements (Chapter 

173-304 WAC) for problem waste disposal. 

SO - Community Concerns 

The SO wil l  mit igate the community concerns expressed regarding 

surface water and airborne contaminants. 

Community concerns regarding socio-economic impacts for future 

land use may not be adequately addressed for the long term. 

Access l imitations to groundwater and subsurface excavation would 

not appear to impact immediate site use. The SO alternative wil l  

l imit the long term potential development and use of the site as 

well  as possible adjacent sites and this may have adverse 

socio/economic impacts on the area. 

The SO Alternative wil l  not address human health or environmental 

effects from groundwater contamination. 

SO - Other Insti tut ional Con t ro l s  

With the removal and replacement of the contaminated surface soi l  

and the cleaning/sealing of the building, the site wil l  be 

compatible with most l ight industrial use as presently zoned. 

However, insti tut ional controls wil l  st i l l  be implemented to 

restr ict dri l l ing and development of future wells and water 

supplies, both public and private. Implementation of these 
controls may be dif f icult.  
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In addit ion there wil l  be restr ict ions on excavation and 

subsurface land use as well  as on demolit ion and remodeling of the 
exist ing building. 

5.3.7 RT I  and RT 1A (Surface/Subsurface Soil  Remove/Treat/Replace; 

Building Demolit ion; Groundwater Remove/Treat/Reinject) 

The fol lowing discussion on insti tut ional controls applies equally 

to the RT 1 and RT 1A Alternatives. 

ARARs 

The RT 1 Alternative includes several remedial actions that meet 

to varying degrees l ikely ARARs for the site. These include: 

Surface/Subsurface Soil  Remove/Treat/Replace to reduce the 

chromium source and el iminate surface water and airborne 
concerns 

Building demolit ion to el iminate contact with contaminated 
surfaces 

Groundwater removal, treatment and reinjection to contain 

( in the interim) and clean up ( long term) the plume in the 

Level A aquifer. I t  is estimated i t  wil l  take 90 years for 

natural recovery of the Level B aquifer to the MCL. 

The RT 1 alternative does l ikely meet ARARs for ambient air 

quali ty for chromium, lead and nickel, either separately or in 

total as does the No Action alternative; however the RT 1 

alternative is expected to provide addit ional protection against 

potential short-term airborne contaminant exposures. 

1 .  

2 .  
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The RT 1 Alternative wil l  l ikely meet the MCL (.05 ppm Cr+6) for 

Level A groundwater. I t  wil l  not meet the MCL for Level B 

groundwater. However, there are no current users of the 

contaminated groundwater. Insti tut ional controls could help 

prevent development of groundwater supplies in contaminated areas. 

I t  is expected that reduction of groundwater chromium 

concentrations to 0.05 mg/1 near the FHC site wil l  result in 

concentrations below the chronic freshwater aqautic standard of 

0.011 mg/1 at the Columbia River. 

RT 1 - Permitt ing Requirements 

The RT 1 Alternative includes the instal lat ion of a groundwater 

monitoring network, which must be consistent with the groundwater 

well  instal lat ion rules and regulations. The RT 1 alternative 

must also meet the intent of exist ing regulations concerning 

groundwater removal, groundwater reinjection (Chapter 173-218 

WAC), and soi l  removal/treatment/and replacement (Chapter 173-303 
and 304 WAC). 

RT 1 - Community Concerns 

The RT 1 Alternative does address the fol lowing community 
concerns: 

(1) Human health effects result ing from airborne (dust) 

contamination 

(2) Human health effects result ing from ground and surface water 

contamination and off-site migration of contaminants 

(3) Socio/economic impacts 
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(4) Environmental impacts 

These issues have been discussed previously in Section 1.2.3 -

Community Concerns. 

The RT 1 alternative improves upon the SO (surface mit igation 

only) alternative by removing the building and the subsurface 

contamination. The site wil l  be available for al l  industrial 

development needs except those that may require development of 
water wells. 

RT 1 - Other Insti tut ional Controls 

Although the contaminant source is removed in the Level A aquifer 

and groundwater treated under this alternative, the plume wil l  

remain in the Level B aquifer for an extended period of t ime. 

Therefore restr ict ions on the dri l l ing and development of future 

wells and water supplies, both public and private may be 

appropriate, although implementation of such controls may be 

dif f icult.  In addit ion land use restr ict ions wil l  be imposed for 
the area. 

.8 RT 2 and RT 2A (Surface/Subsurface Soil  Remove/Treat/Replace; 

Building Demolit ion; Groundwater Remove/Treat/Discharge 

The fol lowing discussion on insti tut ional controls applies equally 

to the RT 1 and RT 1A alternatives. 

ARARs 

The RT 2 Alternative includes several remedial actions that meet 

to varying degrees l ikely ARARs for the site. These include: 
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1. Surface/Subsurface Soil  Remove/Treat/Replace to reduce the 

chromium source and el iminate surface water and airborne 

concerns 

2. Building demolit ion to el iminate contact with contaminated 

surfaces 

3. Groundwater removal, treatment and discharge to contain ( in 

the interim) and clean up ( long term) the plume in the Level 

A aquifer. I t  is estimated i t  wil l  take 90 years for 

natural recovery of the Level B aquifer to the MCL. 

The RT 2 alternative does l ikely meet ARARs for ambient air 

quali ty for chromium, lead and nickel, either separately or in 

total as does the No Action alternative. However, the RT 2 

alternative is expected to provide addit ional protection against 

potential short-term airborne contaminant exposures. 

The RT 2 Alternative wil l  l ikely meet the MCL (.05 ppm Cr+6) for 

Level A groundwater. I t  wil l  not meet the MCL for the Level B 

aquifer. However, there are no current users of the contaminated 

groundwater. Insti tut ional controls could help prevent 

development of groundwater supplies in contaminated areas. 

I t  is expected that reduction of groundwater chromium 

concentrations to 0.05 mg/1 near the FHC site wil l  result in 

concentrations below the chronic freshwater aqautic standard of 

0.011 mg/1 at the Columbia River. 

RT 2 - Permitt ing Requirements 

The RT 2 Alternative includes the instal lat ion of a groundwater 

monitoring network, which must be consistent with the groundwater 
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well instal lat ion rules and regulations and the intent of the 

NPDES permit program for water discharge to the Columbia River. 

RT 2 - Community Concerns 

The RT 2 Alternative does address the fol lowing community 

concerns: 

(1) Human health effects result ing from airborne (dust) 

contamination 

(2) Human health effects result ing from ground and surface water 

contamination and off-site migration of contaminants 

(3) Socio/economic impacts 

(4) Environmental impacts 

These issues have been discussed previously in Section 1.2.3 -

Community Concerns. 

The RT 2 alternative improves upon the SO (surface mit igation 

only) alternative by removing the building and the subsurface 

contamination. The site wil l  be available for al l  industrial 

development needs except those that may require development of 
water wells. 

RT 2 - Other Insti tut ional Controls 

Although the contaminant source is removed in the Level A aquifer 

and groundwater treated under this alternative, the plume wil l  

remain in the Level B aquifer for an extended period of t ime. 

Therefore restr ict ions on the dri l l ing and development of future 

wells and water supplies, both public and private may be 
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appropriate, although implementation of such controls may be 

dif f icult.  In addit ion land use restr ict ions wil l  be imposed for 
the area. 

5.3.9 RD 1 (Surface/Subsurface Soil  Remove/Dispose; Building Demolit ion; 

Groundwater Remove/Treat/Reinject) 

ARARs 

The RD 1 Alternative includes several remedial actions that meet 

to varying degrees l ikely ARARs for the site. This includes: 

1. Surface/Subsurface Soil  Remove/Dispose to reduce the 

chromium source and el iminate surface water and airborne 
concerns 

2. Building demolit ion to el iminate contact with contaminated 
surfaces 

3. Groundwater removal, treatment and reinjection to contain 

( in the interim) and clean up ( long term) the plume in the 

Level A aquifer. I t  is estimated i t  wil l  take 90 years for 

natural recovery of the Level B aquifer to the MCL. 

The RD 1 Alternative does meet ARARs for ambient air quali ty for 

chromium, lead and nickel, either separately or in total. 

The RD 1 Alternative wil l  l ikely meet the MCL (.05 ppm Cr+6) for 

Level A groundwater. I t  wil l  not meet the MCL for the Level B 

aquifer. However, there are no current users of the contaminated 

groundwater. Insti tut ional controls could help prevent 

development of groundwater supplies in contaminated areas. 

5 - 4 8  



I t  is expected that reduction of groundwater chromium 

concentration around the FHC site to 0.05 ppm Cr+6 wil l  result in 

concentrations below the chronic freshwater aquatic standard of 

0.011 meg/1 at the Columbia River. 

RD 1 - Permitt ing Requirements 

The RD 1 Alternative includes instal lat ion of a groundwater 

monitoring network, groundwater removal and reinjection which must 

be consistent with the intent of groundwater well  instal lat ion 

rules and regulations. I t  must also meet the intent of exist ing 

regulations concerning groundwater removal and reinjection 

(Chapter 173-218 WAC). In addit ion off-site disposal of waste 

requires appropriate transportation and disposal of designated 

dangerous or extremely hazardous wastes in a RCRA landfi l l .  On-

site landfi l l  construction wil l  be in accordance with WDOE 

requirements (Chapter 173-304 WAC) for problem waste disposal. 

RD 1 - Community Concerns 

The RD 1 Alternative does address the fol lowing community 
concerns: 

(1) Human health effects result ing from airborne (dust) 

contamination 

(2) Human health effects result ing from ground and surface water 

contamination and off-site migration of contaminants 

(3) Socio/economic impacts 

(4) Environmental impacts 
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These issues have been discussed previously in Section 1.2.3 -
Community Concerns. 

The RD 1 alternative improves upon the SO (surface mit igation 

only) alternative by removing the building and the subsurface 

contamination. The site wil l  be available for al l  industrial 

development needs except those that may require development of 
water wells. 

RD I  -  O the r  I ns t i t u t i ona l  Con t ro l s  

Although the contaminant source is removed in the Level A aquifer 

and groundwater treated under this alternative, the plume wil l  

remain in the Level B aquifer for an extended period of t ime. 

Therefore restr ict ions on the dri l l ing and development of future 

wells and water supplies, both public and private may be 

appropriate, although implementation of such controls may be 

dif f icult.  In addit ion land use restr ict ions wil l  be imposed for 
the area. 

5.3.10 RD 2 (Surface/Subsurface Soil  Remove/Dispose; Building 

Demolit ion; Groundwater Remove/Treat/Discharge) 

ARARs 

The RD 2 Alternative includes several remedial actions that meet 

to varying degrees l ikely ARARs for the site. These include: 

1. Surface/Subsurface Soil  Remove/Dispose to reduce the 

chromium source and el iminate surface water and airborne 
concerns 

2. Building demolit ion to el iminate contact with contaminated 
surfaces 
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3. Groundwater removal, treatment and discharge to contain 

( interim) and clean up ( long term) the plume in the Level A 

aquifer. I t  is estimated i t  wil l  take 90 years for natural 

recovery of the Level B aquifer to the MCL. 

The RD 2 Alternative does meet l ikely ARARs for ambient air 

quali ty for chromium, lead and nickel, either separately or in 

total. 

The RD 2 Alternative wil l  l ikely meet the MCL (.05 ppm Cr+5) for 

Level A groundwater. It will not meet the MCL for the Level B 

aquifer. However, there are no current users of the contaminated 

groundwater. Insti tut ional controls could help prevent 

development of groundwater supplies in contaminated areas. 

I t  is expected that reduction of groundwater chromium 

concentration around the FHC site to 0.05 ppm Cr+6 wil l  result in 

concentrations below the chronic freshwater aquatic standard of 

0.011 meg/1 at the Columbia River. 

RD 2 - Permitt ing Requirements 

The RD 2 Alternative includes the instal lat ion of a groundwater 

monitoring network which must be consistent with the groundwater 

well  instal lat ion rules and regulations and the NPDES permit 

program for waste discharge to the Columbia River. In addit ion 

off-site disposal of waste requires appropriate transportation and 

disposal of designated dangerous or extremely hazardous waste 

(Chapter 173-303 WAC) in a RCRA landfi l l .  On-site landfi l l  

construction wil l  be in accordance with WDOE requirements (Chapter 

173-304 WAC) for problem waste disposal. 
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Community Concerns 

The RD 2 Alternative does address the fol lowing community 

concerns: 

(1) Human health effects result ing from airborne (dust) 

contamination 

(2) Human health effects result ing from ground and surface water 

contamination and off-site migration of contaminants 

(3) Socio/economic impacts 

(4) Environmental impacts 

These issues have been discussed previously in Section 1.2.3 -

Community Concerns. 

The RD 2 alternative improves upon the SO (surface mit igation 

only) alternative by removing the building and the subsurface 

contamination. The site wil l  be available for al l  industrial 

development needs except those that may require development of 

water wells. 

RD 2 - Other Insti tut ional Controls 

Although the contaminant source is removed in the Level A aquifer 

and groundwater treated under this alternative, the plume wil l  

remain in the Level B aquifer for an extended period of t ime. 

Therefore restr ict ions on the dri l l ing and development of future 

wells and water supplies, both public and private may be 
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appropriate, although implementation of such controls may be 

dif f icult.  In addit ion land use restr ict ions wil l  be imposed for 
the area. 

5.3.11 SS (Surface/Subsurface Soil ,  Remove/Stabil ize/Replace; Building 
Demolit ion) 

ARARs 

The SS Alternative includes surface and subsurface soi l  removal 

and stabil ization and building demolit ion as remedial measures for 

the site. Under the SS Alternative, the ARARs for air and surface 

water quali ty for chromium, lead and nickel, either separately or 
in total, are not exceeded. 

Under the SS Alternative, ARARs for drinking water are exceeded in 

groundwater including the chromium MCL of 0.05 ppm. However, 

there are no current users of the contaminated groundwater. 

Insti tut ional controls may help prevent development of groundwater 
supplies in contaminated areas. 

Freshwater chronic aquatic toxicity standards (0.011 ppm Cr+6) are 

also exceeded in the groundwater around the site and in some of 

the hypotetical groundwater locations near the r iver which were 

part of the groundwater modeling effort. However, aquatic 

standards are applicable for the r iver water and, given the 

chromium concentrations measured and projected near the r iver, i t  

is very unlikely that the chronic aquatic standards are or wil l  be 
exceeded in the r iver. 

SS - Permitt ing Requirements 

The SS Alternative includes the instal lat ion of a groundwater 

monitoring network, which must be consistent with the groundwater 
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well instal lat ion rules and regulations. The SS alternative 

must also meet the intent of exist ing regulations concerning soi l  

removal/treatment/and replacement (Chapter 173-303 and 304 WAC). 

SS - Community Concerns 

The RT 1 Alternative does address the fol lowing community 
concerns: 

(1) Human health effects result ing from airborne (dust) 

contamination 

(2) Human health effects result ing from ground and surface water 

contamination and off-site, migration of contaminants 

(3) Socio/economic impacts 

(4) Environmental impacts 

These issues have been discussed previously in Section 1.2.3 -
Community Concerns. 

The SS alternative improves upon the SO (surface mit igation only) 

alternative by removing the building and the subsurface 

contamination. Groundwater is not addressed. The site wil l  be 

available for al l  industrial development needs except those that 

may require development of water wells. 

SS - Other Insti tut ional Controls 

Although most of the contaminant source is removed, the plume wil l  

remain in the aquifer. Therefore restr ict ions on the dri l l ing and 

development of future wells and water supplies, both public and 
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p r i v a t e  m a y  b e  a p p r o p r i a t e ,  a l t h o u g h  i m p l e m e n t a t i o n  o f  s u c h  

controls may be dif f icult.  In addit ion land use restr ict ions wil l  

be imposed for the area. 

ENVIRONMENTAL IMPACTS 

Each remedial alternative was evaluated for beneficial and adverse 

e n v i  r o n m e n t a l  e f f e c t s ,  w i t h  c o n s i d e r a t i o n  o f  f e a s i b l e  m i t i g a t i o n  

measures. This process involved assessment of exist ing impacts from 

identif ied contaminants, the degree to which each alternative would 

al leviate the impacts, and addit ional stresses that might result from 

the cleanup measures themselves. 

Aspects considered as beneficial effects were the f inal environmental 

condit ions of the site, the improvements for the biological community, 

and the improvements in human use resources. The analysis of potential 

adverse condit ions concentrated on effects occurring during operation of 

the faci l i t ies and the possible mit igative measures which could be 

incorporated into the design. Impacts during construction are 

a n t i c i p a t e d  t o  b e  s i g n i f i c a n t  f o r  m o s t  o f  t h e  a l t e r n a t i v e s  m a i n l y  
because of soi l  excavation. 

For each alternative the beneficial effects are assigned, as a group, a 

single rating of " low", "moderate", or "high", indicative of how well 

the alternative mit igates assumed evironmental effects. Adverse effects 

of each alternative are treated in l ike fashion, i .e., i f  these impacts 

are present and not mit igated, the alternative would get a lowered 

rating. Each alternative is assigned an "Overall  Environmental Rating" 

indicative of i ts relative favorabil i ty. The environmental evaluation 

and ratings are summarized in Table 5-4, 
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5.4.1 Evaluation of Alternatives 

N/A - No Action, Site Monitoring. Insti tut ional Restrict ions: 

Wells, Site Access, Land Use. 

.  Beneficial Effects: 

The No Action Alternative does not improve or correct 

exist ing environmental condit ions. As a result the 

beneficial effects are rated low. 

.  Adverse Effects: 

The exist ing groundwater chromium contamination around the 

FHC site is signif icant and is not remediated under the No 

Action Alternative. 

Since there wil l  be no remedial action, adverse effects 

include continued expansion of the plume with release to the 

Columbia River. The Endangerment Assessment indicates these 

effects wil l  be minimal due to plume di lut ion upon entering 

the Columbia River. The surface soi l  contaminants migrate 

as airborne part iculates and within surface water during 

periods of heavy precipitat ion. A long term monitoring 

program would be implemented to provide updated information 

on the migration of contaminants. Both private and 

monitoring wells wil l  be sampled on a routine basis and the 

program modif ied as the groundwater plume changes. The 

monitoring program would also address surface soi ls, surface 

water, vegetation, and building components as well  as air 
qua!ity. 
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The adverse impacts to the environment result ing from No 

Action are more extensive than those result ing from other 

alternatives. 

Based upon the above considerations the overal l  mit igation 

of environmental impacts is rated low. The No Action 

Alternative leads to a low-level reduction in the current 

environmental problems on-site. 

SO - Surface Soil  Removal and Disposal, Structure Cleaning and 
Sealing. Insti tut ional Restrict ions: Wells, Land Use. 

.  Beneficial Effects: 

This alternative involves the removal and disposal of 

surface soi l .  Beneficial effects include el imination of 

airborne part iculate transport as well  as surface water 

contamination. Cleaning of the structure wil l  remove and 

mit igate contaminant exposure to occupants. The beneficial 

environmental effects are considered to be low. 

.  Adverse Effects: 

This alternative does not treat the subsurface soi l  or 

groundwater. As a result the contaminant plume wil l  

continue to expand and increase releases into the Columbia 

River. The Endangerment Assessment indicates these effects 

wil l  be minimal due to plume di lut ion upon entering the 

Columbia River. Periodic sampling and testing of the 

monitoring wells wil l  provide regulatory monitoring data. 

Insti tut ional controls wil l  be implemented to restr ict 
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access to subsurface soi ls or to groundwater. Alternative 

SO has been rated moderate in overal l  environmental impact 

based on these considerations. 

RT 1 and RT 1A - Surface and Subsurface Soil :  Remove/Treat/ 

Rep!ace. Groundwater: Pump/Treat/Recharae. Structure Demolit ion/ 

Disposal. Insti tut ional Restrict ions: Wells. Land Use. 

.  Beneficial Effects: 

This alternative involves a permanent reduction in soil  

contamination through the removal, treatment and replacement 

of the surface and subsurface soi ls. The transport of 

contaminants by air and surface water is el iminated. Metal 

recovery, i f  applicable, wil l  decrease required land 

disposal of dried sludges or resins and provide greater 

consistency with SARA objectives. Removal of the building 

structure by demolit ion and disposal el iminates surface 

contaminant contact by occupants. The beneficial effects 

are considered to be moderate. 

.  Adverse Effects: 

Although this alternative meets MCLs in the Level A aquifer, 

some low-level groundwater contamination remains at the end 

of the operational l i fe of the remedial action in the Level 
B aquifer. 

Any required land disposal of contaminated soi ls, 

contaminated building components, dried sludges ,  or resins 

is considered an adverse effect of the RT 1 alternative. 
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Based on these considerations Alternative RT 1 and RT 1A 

have been rated moderate to high in considering the overal l  

mit igation of environmental impacts. 

RT 2 and RT 2A - Surface and Subsurfare Soil .  Remove/Trpat./ 

Rep!ace,—Groundwater. Pump/Treat/DiSDOSP :  Structurp. Demolit ion/ 

Pisposal. Insti tut ional Restrict ions: Wells. Land Ike. 

The fol lowing discussion applies equally to the RT 2 and RT 2A 
alternatives. 

.  Beneficial Effects: 

This alternative involves a permanent reduction in soil  

contamination through the removal, treatment and replace nt 

of the surface and subsurface soi ls, and the pumping id 

treating of the groundwater. The alternative has benefit  1 

e f fec ts  ident ica l  to  the RT 1  a l ternat ive.  Transpor t  o f  

contaminants by air and surface water is el iminated. Metal 

recovery, i f  applicable wil l  decrease required land disposal 

of dried sludges or resins and provide greater consistency 

with SARA objectives. The Level A aquifer is pumped and 

treated to meet MCLs. Removal of the building structure by 

demolit ion and disposal remediates the surface contact by 

occupants. The beneficial effects are considered to be 
moderate. 

.  Adverse Effects: 

This alternative has adverse effects similar to the RT 1 

alternative except that the treated groundwater is 

discharged to the Columbia River. Since the discharge wil l  

fulf i l l  the intent of NPDES permit restr ict ions and 

contaminant concentrations in treated groundwater wi l l  be 
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within the chronic aquatic toxicity l imits, no signif icant 

adverse environmental impact to the r iver is anticipated. 

Based on these considerations Alternative RT 2 and RT 2A 

have been rated moderate to high considering the overal l  

mit igation of environmental impacts. 

RD 1 - Surface and Subsurface Soil .  Remove/Dispose On/Off-S i te :  

G r o u n d w a t e r  ,  P u m p / T r e a t / R e c h a r o e :  S t r u c t u r e ,  

Demol i t ion/Di sposal. Insti tut ional Restrict ions: Wells, Land  

Use. 

.  Beneficial Effects: 

This alternative involves the removal and replacement of the 

surface and subsurface soi ls. The transport of contaminants 

by air and surface water is el iminated. Metal recovery, i f  

applicable, wil l  decrease required land disposal of dried 

sludges or resins and provide greater consistency with SARA 

objectives. Removal of the building structure by demolit ion 

and disposal el iminates surface contaminant contact by 

occupants. The beneficial effects are considered to be 
moderate. 

.  Adverse Effects: 

This alternative rel ies heavily on land disposal, either on-

or off-site. Although disposal wi l l  occur consistent with 

al l  applicable regulations, the potential for long-term 

releases of contaminants from the landfi l l  cannot be total ly 

el iminated. On-site landfi l l  monitoring wil l  be required 

for an indefinite period i f  on-site disposal is ult imately 

favored over off-site disposal. In addit ion to the landfi l l  

m o n i t o r i n g  f u r t h e r  i n s t i t u t i o n a l  c o n t r o l s  i n c l u d e  

restr ict ions on land use in the area of the proposed 
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l a n d f i l l .  B a s e d  o n  t h e s e  c o n s i d e r a t i o n s  A l t e r n a t i v e  R D  1  

h a s  b e e n  r a t e d  m o d e r a t e  i n  o v e r a l l  e n v i r o n m e n t a l  i m p a c t .  

R D  2  -  S u r f a c e  a n d  S u b s u r f a c e  S o i l .  R e m o v e / D i s p o s e  O n / O f f - S i t . P :  

G r o u n d w a t e r ,  P u m p / T r e a t / D i s p o s e :  S t r u c t u r e .  D e m o ! i t i o n / D i s n n s a l  

I n s t i t u t i o n a l  R e s t r i c t i o n s :  W e l l s ,  L a n d  U s e .  

.  B e n e f i c i a l  E f f e c t s :  

T h i s  a l t e r n a t i v e  i n v o l v e s  t h e  r e m o v a l ,  t r e a t m e n t  a n d  

r e p l a c e m e n t  o f  t h e  s u r f a c e  a n d  s u b s u r f a c e  s o i l s .  T h e  

t r a n s p o r t  o f  c o n t a m i n a n t s  b y  a i r  a n d  s u r f a c e  w a t e r  i s  

e l i m i n a t e d .  M e t a l  r e c o v e r y ,  i f  a p p l i c a b l e ,  w i l l  d e c r e a s e  

r e q u i r e d  l a n d  d i s p o s a l  o f  d r i e d  s l u d g e s  o r  r e s i n s  a n d  

p r o v i d e  g r e a t e r  c o n s i s t e n c y  w i t h  S A R A  o b j e c t i v e s .  R e m o v a l  

o f  t h e  b u i l d i n g  s t r u c t u r e  b y  d e m o l i t i o n  a n d  d i s p o s a l  

e l i m i n a t e s  s u r f a c e  c o n t a m i n a n t  c o n t a c t  b y  o c c u p a n t s .  T h e  

b e n e f i c i a l  e f f e c t s  a r e  c o n s i d e r e d  t o  b e  m o d e r a t e .  

.  A d v e r s e  E f f e c t s :  

T h i s  a l t e r n a t i v e  r e l i e s  h e a v i l y  o n  l a n d  d i s p o s a l ,  e i t h e r  o n -

o r  o f f - s i t e .  A l t h o u g h  d i s p o s a l  w i l l  o c c u r  c o n s i s t e n t  w i t h  

a l l  a p p l i c a b l e  r e g u l a t i o n s ,  t h e  p o t e n t i a l  f o r  l o n g - t e r m  

r e l e a s e s  o f  c o n t a m i n a n t s  f r o m  t h e  l a n d f i l l  c a n n o t  b e  t o t a l l y  

e l  i m i n a t e d .  

A n o t h e r  p o t e n t i a l  a d v e r s e  e f f e c t  i s  d i s c h a r g e  o f  t h e  t r e a t e d  

g r o u n d w a t e r  t o  t h e  C o l u m b i a  R i v e r .  P o t e n t i a l  a d v e r s e  

e f f e c t s  r e l a t e  t o  p o s t - t r e a t m e n t  o r g a n i c  a n d  i n o r g a n i c  

c o n t a m i n a n t  l e v e l s .  P r o p o s e d  t r e a t m e n t  l e v e l s  w i l l  l i k e l y  

b e  c h r o n i c  f r e s h w a t e r  t o x i c i t y  c r i t e r i a .  I t  i s  a s s u m e d  t h a t  
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g r o u n d w a t e r  t r e a t m e n t  w i l l  m e e t  M C L s  a t  d e s i g n a t e d  

m o n i t o r i n g  p o i n t s .  T h e r e f o r e ,  p o s t - t r e a t m e n t  g r o u n d w a t e r  

c o n t a m i n a t i o n  s h o u l d  b e  w i t h i n  a c c e p t a b l e  l e v e l s .  

B a s e d  o n  t h e s e  c o n s i d e r a t i o n s ,  a d v e r s e  e f f e c t s  a p p e a r  

m i n i m a l  a n d  A l t e r n a t i v e  R D  2  h a s  b e e n  r a t e d  m o d e r a t e  i n  

o v e r a l l  e n v i r o n m e n t a l  i m p a c t  a n d  t h u s  h i g h l y  r e d u c e s  t h e  

e x i s t i n g  e n v i r o n m e n t a l  p r o b l e m s  o n - s i t e .  

S S  S o i l — S t a b i l i z a t i o n  ( S u f a c e / S u b s u r f a c e  S o i l .  R e m o v e / S t a b i l i z e /  

R e p l a c e ;  B u i l d i n g  D e m o l i t i o n :  I n s t i t u t i o n a l  C o n t r o l s :  W e l l s ,  l a n d  

U s e )  

.  B e n e f i c i a l  E f f e c t s :  

T h i s  a l t e r n a t i v e  i n v o l v e s  a  p e r m a n e n t  i m m o b i l i z a t i o n  o f  s o i l  

c o n t a m i n a t i o n  t h r o u g h  t h e  r e m o v a l ,  s t a b i l i z a t i o n  a n d  

r e p l a c e m e n t  o f  t h e  s u r f a c e  a n d  s u b s u r f a c e  s o i l s .  T h e  

t r a n s p o r t  o f  c o n t a m i n a n t s  b y  a i r  a n d  s u r f a c e  w a t e r  i s  

e l i m i n a t e d .  T h e  S S  a l t e r n a t i v e  i s  c o n s i s t e n t  w i t h  S A R A  

o b j e c t i v e s  f o r  p e r m a n e n t  t r e a t m e n t .  R e m o v a l  o f  t h e  b u i l d i n g  

s t r u c t u r e  b y  d e m o l i t i o n  a n d  d i s p o s a l  e l i m i n a t e s  s u r f a c e  

c o n t a m i n a n t  c o n t a c t  b y  o c c u p a n t s .  T h e  b e n e f i c i a l  e f f e c t s  

a r e  c o n s i d e r e d  t o  b e  m o d e r a t e .  

.  A d v e r s e  E f f e c t s :  

T h i s  a l t e r n a t i v e  d o e s  n o t  m i t i g a t e  t h e  g r o u n d w a t e r  

c o n t a m i n a t i o n .  T h e  c o n t a m i n a t e d  p l u m e  w i l l  m o v e  t o  e v e n t u a l  

r e l e a s e  t o  t h e  C o l u m b i a  R i v e r .  T h e  E n d a n g e r m e n t  A s s e s s m e n t  

i n d i c a t e s  t h a t  t h e  r e l e a s e  o f  c o n t a m i n a t e d  g r o u n d w a t e r  t o  

t h e  C o l u m b i a  R i v e r  w i l l  n o t  r e s u l t  i n  c o n c e n t r a t i o n s  o v e r  
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c h r o n i c  a q u a t i c  c r i t e r i a  d u e  t o  d i l u t i o n  o f  t h e  p l u m e  a s  i t  

m o v e s  t o w a r d  t h e  r i v e r  a n d  a s  i t  d i s c h a r g e s  t o  t h e  r i v e r .  

T h e  r a t i n g  f o r  t h e  S S  a l t e r n a t i v e  i s  m o d e r a t e .  

5 . 4 . 2  S u m m a r y  o f  E n v i r o n m e n t a l  I m p a c t  A s s e s s m e n t  

T a b l e  5 - 4  p r e s e n t s  t h e  r a t i n g s  f o r  e a c h  o f  t h e  a l t e r n a t i v e s ,  b o t h  

f o r  i t s  b e n e f i c i a l  a n d  a d v e r s e  e f f e c t s  a s  w e l l  a s  i t s  o v e r a l l  

e n v i r o n m e n t a l  c o n s e q u e n c e s .  

P U B L I C  H E A L T H  I M P A C T S  

T h e  f o l l o w i n g  d i s c u s s i o n  d e s c r i b e s  t h e  q u a l i t a t i v e  e v a l u a t i o n  a n d  

c o m p a r i s o n  o f  p u b l i c  h e a l t h  i m p a c t s  a n d  p r o t e c t i o n  f o r  e a c h  r e m e d i a l  

a l t e r n a t i v e .  T h e  e v a l u a t i o n  o f  e a c h  a l t e r n a t i v e  i s  b a s e d  u p o n  a s s e s s i n g  

t h e  l e v e l  o f  h a z a r d  p o s e d  b y  i m p l e m e n t i n g  e a c h  a l t e r n a t i v e .  E a c h  

a l t e r n a t i v e  i s  a d d r e s s e d  a c c o r d i n g  t o  t h e  d e t a i l e d  c r i t e r i a  p r e s e n t e d  i n  

T a b l e  5 - 5 :  

.  M i n i m i z a t i o n  o r  P r e v e n t i o n  o f  C o n t a m i n a n t  R e l e a s e s :  H o w  w e l l  t h e  

a l t e r n a t i v e  p r e v e n t s  t h e  r e l e a s e  o f  a d d i t i o n a l  c o n t a m i n a n t s  f r o m  

t h e  s i t e  o r  p r e v e n t s  f u r t h e r  m i g r a t i o n  o f  t h e  e x i s t i n g  p l u m e .  

.  E x p o s u r e s  D u r i n g  R e m e d i a l  A c t i o n :  T h e  l e v e l  o f  c o n t a m i n a t i o n  t o  

w h i c h  w o r k e r s  o r  n e a r b y  r e s i d e n t s  a r e  e x p o s e d  d u r i n g  t h e  c o u r s e  o f  

t h e  r e m e d i a l  e f f o r t .  

.  E x p o s u r e s  A f t e r  R e m e d i a l  A c t i o n :  T h e  c o n t i n u i n g ,  r e s i d u a l  

c o n t a m i n a t i o n  w h i c h  w i l l  r e m a i n  i n  t h e  v i c i n i t y  o f  t h e  s i t e  f o r  

c h r o n i c  e x p o s u r e  a f t e r  t h e  r e m e d i a t i o n  i s  o v e r .  

O t h e r  c r i t e r i a  w h i c h  w e r e  r e c o m m e n d e d  f o r  c o n s i d e r a t i o n  b y  E P A  g u i d a n c e  

d o c u m e n t s  ( U S E P A  1 9 8 5 a )  w e r e  o m i t t e d  b e c a u s e  t h e y  w e r e  a l r e a d y  

c o n s i d e r e d  u n d e r  o t h e r  s e c t i o n s  o f  t h e  e v a l u a t i o n ,  w e r e  d u p l i c a t i v e  o f  
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o t h e r  d e t a i l e d  c r i t e r i a  o f  t h i s  s e c t i o n ,  o r  w e r e  i n a p p l i c a b l e  t o  t h e  

F r o n t i e r  H a r d  C h r o m e  s i t e .  T h e s e  i n c l u d e d :  

.  T h e  c a p a c i t y  o f  t h e  a l t e r n a t i v e s  t o  m i n i m i z e  o r  p r e v e n t  e x p o s u r e s  

- -  c o v e r e d  u n d e r  t h e  e x p o s u r e s  d u r i n g ,  a n d  a f t e r ,  r e m e d i a t i o n .  

.  T h e  c h e m i c a l  r e l e a s e s  n o t  m i n i m i z e d  o r  p r e v e n t e d  - -  i n c l u d e d  i n  

t h e  c r i t e r i a  f o r  c o n t a m i n a n t  r e l e a s e s  m i n i m i z e d .  

.  T h e  t i m e  o v e r  w h i c h  t h e  c o n t a m i n a n t  c o n c e n t r a t i o n s  a r e  r e d u c e d  a t  

r e c e p t o r  l o c a t i o n s  - -  c o v e r e d  i n  t h e  t e c h n i c a l  c r i t e r i o n  o f  t i m e  

t o  a c h i e v e  b e n e f i c i a l  r e s u l t s .  

.  R e l e v a n t  a n d  a p p l i c a b l e  s t a n d a r d s  a r e ,  o r  a r e  n o t ,  m e t  - -

d e s c r i b e d  i n  t h e  A R A R  s e c t i o n s  o f  t h e  i n s t i t u t i o n a l  e v a l u a t i o n  

( S e c t i o n  5 . 3 ) .  

.  A d j u s t m e n t s  w h i c h  h a d  t o  b e  m a d e  t o  s t a n d a r d s ,  c r i t e r i a ,  

a d v i s o r i e s ,  o r  g u i d a n c e  - -  a l s o  d e s c r i b e d  u n d e r  t h e  A R A R s  ( S e c t i o n  

5 . 3 ) .  

.  E x p o s u r e s  d u r i n g  i m p l e m e n t a t i o n  -  i n  a l l  c a s e s  e x c e p t  n o  a c t i o n ,  

t h e  o n l y  p u b l i c  h e a l t h  h a z a r d s  a r e  c o n s t r u c t i o n  h a z a r d s ,  p r i m a r i l y  

t o  w o r k e r s ;  c o n t a m i n a n t  e x p o s u r e s  a r e  m i n i m a l  a n d  s h o r t - t e r m .  

B y  t h e  g e n e r a l  r u l e  ( S e c t i o n  5 . 1 )  t h a t  t h e  h i g h e r  t h e  e v a l u a t i o n ,  t h e  

m o r e  t h e  a l t e r n a t i v e  p r o m o t e s  t h e  i n t e n t  o f  t h e  c r i t e r i o n  i n  a c h i e v i n g  

t h e  r e m e d i a l  o b j e c t i v e s ,  t h e  t e r m s  " h i g h " ,  " m o d e r a t e " ,  a n d  " l o w "  s i g n i f y  

t h a t  p u b l i c  h e a l t h  i s  w e l l  p r o t e c t e d ,  m o d e r a t e l y  p r o t e c t e d ,  o r  o n l y  

m i n i m a l l y  p r o t e c t e d ,  r e s p e c t i v e l y ,  b y  t h e  a l t e r n a t i v e .  
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5 . 5 . 1  E v a l u a t i o n  o f  A l t e r n a t i v e s  

A l t e r n a t i v e  N / A  -  N o  A c t i o n ,  S i t e  M o n i t o r i n g .  I n s t i t u t i o n a l  

R e s t r i c t i o n s :  W e l l s ,  S i t e  A c c e s s ,  L a n d  U s e .  

.  M i n i m i z a t i o n  o r  p r e v e n t i o n  o f  c o n t a m i n a n t  r e l e a s e s .  

C u r r e n t  c o n t a m i n a n t  r e l e a s e  d o e s  o c c u r ,  b u t  i t  d o e s  n o t  

r e s u l t  i n  c a u s i n g  p u b l i c  h e a l t h  i m p a c t  u n d e r  c u r r e n t  s i t e  

u s e  c o n d i t i o n s .  

T h e  N o  A c t i o n  a l t e r n a t i v e  d o e s  n o t  m i n i m i z e  o r  p r e v e n t  

c o n t a m i n a n t  r e l e a s e s  f r o m  t h e  s o u r c e  a r e a  o n  t h e  s i t e  o r  

f u r t h e r  p l u m e  m i g r a t i o n .  T h e  e v a l u a t i o n  o f  t h e  a l t e r n a t i v e  

o n  t h i s  c r i t e r i a  i s  l o w .  

.  E x p o s u r e s  d u r i n g  r e m e d i a l  a c t i o n .  

S i n c e  n o  r e m e d i a l  a c t i o n  o c c u r s  i n  t h i s  a l t e r n a t i v e ,  t h e  

p u b l i c  h e a l t h  s i t u a t i o n  u n d e r  t h i s  a l t e r n a t i v e  i s  t h e  s a m e  

a s  c u r r e n t l y  e x i s t s  o n  s i t e .  T h i s  c r i t e r i a  i s  n o t  

a p p l i c a b l e  t o  t h i s  a l t e r n a t i v e .  

.  E x p o s u r e s  a f t e r  r e m e d i a l  a c t i o n .  

T h e  N o  A c t i o n  a l t e r n a t i v e  w i l l  r e s u l t  i n  c o n t i n u e d  e x p o s u r e  

o f  s i t e  o c c u p a n t s  a n d  n e a r b y  p o p u l a t i o n s  t o  s u r f a c e  s o i l s  b y  

a i r  t r a n s p o r t  ( a l t h o u g h  r i s k s  t o  p u b l i c  h e a l t h  i s  a p p a r e n t l y  

w i t h i n  e s t a b l i s h e d  c r i t e r i a ,  s e e  A p p e n d i x  A  -  p a r a .  8 . 3 . 1 ) ,  

t o  b u i l d i n g  s u r f a c e  c o n t a m i n a t i o n  b y  d i r e c t  c o n t a c t ;  a n d  t o  

s u r f a c e  w a t e r  c o n t a m i n a n t  c o n c e n t r a t i o n s  d u r i n g  p e r i o d s  o f  

h e a v y  p r e c i p i t a t i o n  b y  d i r e c t  c o n t a c t  w i t h  s u r f a c e  p u d d l e s .  

A d d i t i o n a l  e x p o s u r e  c o u l d  r e s u l t  f r o m  u n c o n t r o l l e d  
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g r o u n d w a t e r  c o n t a m i n a t i o n  i f  f u t u r e  w e l l s  a r e  c o n s t r u c t e d  

w i t h i n  t h e  e x i s t i n g  a n d  p r o j e c t e d  p l u m e  a r e a .  T h e  

e v a l u a t i o n  i s  l o w .  

A  l o w  l e v e l  o f  p u b l i c  h e a l t h  p r o t e c t i o n  i s  p r o v i d e d  b y  t h e  

N / A  A l t e r n a t i v e .  

A l t e r n a t i v e  S O  -  S u r f a c e  S o i l  R e m o v a l  a n d  D i s p o s a l .  S t r u c t u r e  

C l e a n i n g  a n d  S e a l i n g .  I n s t i t u t i o n a l  R e s t r i c t i o n s :  W e l l s ,  L a n d  

U s e .  

.  M i n i m i z a t i o n  o r  p r e v e n t i o n  o f  c o n t a m i n a n t  r e l e a s e s .  

T h e  S O  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  s u r f a c e  w a t e r  

m i g r a t i o n  o f  c o n t a m i n a n t s  f r o m  t h e  s o u r c e  a r e a .  I t  p r e v e n t s  

f u r t h e r  c o n t a c t  a n d  r e l e a s e  o f  c o n t a m i n a n t s  f r o m  t h e  

b u i l d i n g  t h r o u g h  c l e a n i n g  a n d  s e a l i n g  o f  c o n t a m i n a t e d  

s u r f a c e s .  I t  d o e s  n o t  m i t i g a t e  t h e  e x p o s u r e  t o  p o t e n t i a l  

f u t u r e  g r o u n d w a t e r  w e l l  s u p p l i e s ,  p r o v i d i n g  o n l y  f o r  

s a m p l i n g ,  t e s t i n g  a n d  m o n i t o r i n g  o f  w e l l s .  T h e r e  a r e  

c u r r e n t l y  n o  w a t e r  s u p p l i e s  u s i n g  c o n t a m i n a t e d  w a t e r  

s u p p l i e s .  T h e  e v a l u a t i o n  o f  t h e  a l t e r n a t i v e  o n  t h i s  

c r i t e r i o n  i s  c o n s i d e r e d  l o w  t o  m o d e r a t e .  

.  E x p o s u r e s  d u r i n g  r e m e d i a l  a c t i o n .  

E x p o s u r e  u n d e r  t h i s  a l t e r n a t i v e  i s  m i n i m a l  a n d  i s  p r i m a r i l y  

a s s o c i a t e d  w i t h  o n - s i t e  w o r k e r s  a n d  a d j a c e n t  p o p u l a t i o n s  

d u r i n g  t h e  c o u r s e  o f  t h e  r e m e d i a l  e f f o r t .  T h i s  a l t e r n a t i v e  

t h e r e f o r e  p r o v i d e s  a  h i g h  l e v e l  o f  h e a l t h  p r o t e c t i o n .  
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E x p o s u r e s  a f t e r  r e m e d i a l  a c t i o n .  

S i n c e  i n s t i t u t i o n a l  c o n t r o l s  w i l l  b e  i m p l e m e n t e d  r e s t r i c t i n g  

f u t u r e  l a n d  u s e  a n d  d i s t u r b a n c e  o f  t h e  s o i l  o r  b u i l d i n g  

c o m p o n e n t s  a s  w e l l  a s  l i m i t a t i o n s  o n  f u t u r e  w e l l  l o c a t i o n s ,  

t h e  o n l y  e x p o s u r e  w o u l d  b e  t h r o u g h  u n a u t h o r i z e d  e x c a v a t i o n ,  

a n d  t h e  d r i l l i n g  o f  n e w  w e l l s .  T h e  e v a l u a t i o n  i s  t h e r e f o r e  

m o d e r a t e .  

T h e  o v e r a l l  p u b l i c  h e a l t h  p r o t e c t i o n  p r o v i d e d  b y  A l t e r n a t i v e  

S O  i s  l o w  t o  m o d e r a t e .  

A 1  t e r n a t i v e — R T  1  a n d  R T  1 A  -  S u r f a c e  a n d  S u b s u r f a c e  S o i l .  

R e m o v e / T r e a t / R e p l a c e :  G r o u n d w a t e r .  P u m p / T r e a t / R e c h a r o p :  

S t r u c t u r e .  D e m o l i t i o n / D i s p o s a l .  I n s t i t u t i o n a l  R e s t r i c t i o n s :  

W e l l s ,  L a n d  U s e .  

T h e  f o l l o w i n g  d i s c u s s i o n  a p p l i e s  e q u a l l y  t o  t h e  R T  1  a n d  R T  1 A  

A l t e r n a t i v e s .  

.  M i n i m i z a t i o n  o r  p r e v e n t i o n  o f  c o n t a m i n a n t  r e l e a s e s .  

T h e  R T  1  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  s u r f a c e  

w a t e r  m i g r a t i o n  o f  c o n t a m i n a n t s  f r o m  t h e  s o u r c e  a r e a .  T h e  

L e v e l  A  a q u i f e r  i s  p u m p e d  a n d  t r e a t e d  t o  m e e t  M C L s .  T h e  

d e m o l i t i o n  a n d  r e m o v a l  o f  t h e  b u i l d i n g  r e m o v e s  t h i s  s o u r c e  

o f  c o n t a m i n a n t  f o r  f u t u r e  a c t i v i t i e s .  T h e  e v a l u a t i o n  o f  t h e  

a l t e r n a t i v e  o n  t h i s  c r i t e r i a  i s  m o d e r a t e .  

.  E x p o s u r e s  d u r i n g  r e m e d i a l  a c t i o n .  

T h e  e x p o s u r e s  w i l l  r e s u l t  p r i m a r i l y  t o  o n - s i t e  w o r k e r s  f r o m  

e x p o s u r e  t o  a i r b o r n e  c o n t a m i n a n t  p a r t i c u l a t e s .  T h e  r e m o v a l  
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a n d  t r e a t m e n t  o f  b o t h  t h e  s u r f a c e  a n d  s u b s u r f a c e  s o i l  w i l l  

e x p o s e  t h e  w o r k e r s  t o  c o n t a m i n a n t s  t h r o u g h  d i s r u p t i o n  o f  t h e  

i n - p l a c e  s o i l s .  T h e  e v a l u a t i o n  i s  m o d e r a t e .  

.  E x p o s u r e s  a f t e r  r e m e d i a l  a c t i o n .  

E x p o s u r e  i s  p r i m a r i l y  b y  w a y  o f  t h e  i n s t a l l a t i o n  o f  n e w  

w e l l s  i n  t h e  r e m a i n i n g  c o n t a m i n a t e d  L e v e l  B  a q u i f e r .  T h e  

e v a l u a t i o n  i s  l o w  t o  m o d e r a t e .  

T h e  o v e r a l l  p u b l i c  h e a l t h  p r o t e c t i o n  p r o v i d e d  b y  t h e  R T  1  ( R T  1 A )  

A l t e r n a t i v e  i s  m o d e r a t e .  

R T  2  a n d  R T  2 A  -  S u r f a c e  a n d  S u b s u r f a c e  S o i l ,  R e m o v e / T r e a t /  

R e p l a c e ;  G r o u n d w a t e r .  P u m p / T r e a t / D i s p o s e :  S t r u c t u r e .  D e m o l i t i o n /  

D i s p o s a l .  I n s t i t u t i o n a l  R e s t r i c t i o n s :  W e l l s ,  L a n d  U s e .  

T h e  f o l l o w i n g  c o m m e n t s  a p p l y  e q u a l l y  t o  t h e  R T  1  a n d  R T  1 A  

A l t e r n a t i v e s .  

.  M i n i m i z a t i o n  o r  p r e v e n t i o n  o f  c o n t a m i n a n t  r e l e a s e s .  

T h e  R T  2  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  s u r f a c e  

w a t e r  m i g r a t i o n  o f  c o n t a m i n a n t s  f r o m  t h e  s o u r c e  a r e a .  T h e  

L e v e l  A  a q u i f e r  i s  p u m p e d  a n d  t r e a t e d  t o  m e e t  M C L s .  T h e  

d e m o l i t i o n  a n d  r e m o v a l  o f  t h e  b u i l d i n g  r e m o v e s  t h i s  s o u r c e  

o f  c o n t a m i n a n t  f o r  f u t u r e  a c t i v i t i e s .  T h e  e v a l u a t i o n  o f  t h e  

a l t e r n a t i v e  o n  t h i s  c r i t e r i a  i s  m o d e r a t e .  

.  E x p o s u r e s  d u r i n g  r e m e d i a l  a c t i o n .  

T h e  e x p o s u r e s  w i l l  r e s u l t  p r i m a r i l y  t o  o n - s i t e  w o r k e r s  f r o m  

e x p o s u r e  t o  a i r b o r n e  c o n t a m i n a n t  p a r t i c u l a t e s .  T h e  r e m o v a l  

a n d  t r e a t m e n t  o f  b o t h  t h e  s u r f a c e  a n d  s u b s u r f a c e  s o i l  w i l l  
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e x p o s e  t h e  w o r k e r s  t o  c o n t a m i n a n t s  t h r o u g h  d i s r u p t i o n  o f  t h e  

i n - p l a c e  s o i l s .  T h e  e v a l u a t i o n  i s  m o d e r a t e .  

.  E x p o s u r e s  a f t e r  r e m e d i a l  a c t i o n .  

E x p o s u r e  i s  p r i m a r i l y  b y  w a y  o f  t h e  i n s t a l l a t i o n  o f  

u n a u t h o r i z e d  n e w  w e l l s  i n  t h e  r e m a i n i n g  c o n t a m i n a t e d  L e v e l  B  

a q u i f e r .  T h e  e v a l u a t i o n  i s  m o d e r a t e .  

T h e  o v e r a l l  p u b l i c  h e a l t h  p r o t e c t i o n  p r o v i d e d  b y  t h e  R T  2  ( R T  2 A )  

A l t e r n a t i v e  i s  l o w  t o  m o d e r a t e .  

R P  1  -  S u r f a c e  a n d  S u b s u r f a c e  S o i l .  R e m o v e / D i s p o s e  O n / O f f - S i t p ;  

G r o u n d w a t e r ,  P u m p / T r e a t / R e c h a r a e ;  S t r u c t u r e .  D e m o l i t i o n /  

D i s p o s a l .  I n s t i t u t i o n a l  R e s t r i c t i o n s :  W e l l s ,  L a n d  U s e .  

.  M i n i m i z a t i o n  o r  p r e v e n t i o n  o f  c o n t a m i n a n t  r e l e a s e s .  

T h e  R D  1  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  s u r f a c e  

w a t e r  m i g r a t i o n  o f  c o n t a m i n a n t s  f r o m  t h e  s o u r c e  a r e a .  T h e  

L e v e l  A  a q u i f e r  i s  p u m p e d  a n d  t r e a t e d  t o  m e e t  M C L s .  T h e  

d e m o l i t i o n  a n d  r e m o v a l  o f  t h e  b u i l d i n g  r e m o v e s  t h i s  s o u r c e  

o f  c o n t a m i n a n t  f o r  f u t u r e  a c t i v i t i e s .  T h e  e v a l u a t i o n  o f  t h e  

a l t e r n a t i v e  o n  t h i s  c r i t e r i a  i s  m o d e r a t e .  

.  E x p o s u r e s  d u r i n g  r e m e d i a l  a c t i o n .  

T h e  e x p o s u r e s  w i l l  r e s u l t  p r i m a r i l y  t o  o n - s i t e  w o r k e r s  f r o m  

e x p o s u r e  t o  a i r b o r n e  c o n t a m i n a n t  p a r t i c u l a t e s .  T h e  r e m o v a l  

a n d  t r e a t m e n t  o f  b o t h  t h e  s u r f a c e  a n d  s u b s u r f a c e  s o i l  w i l l  

e x p o s e  t h e  w o r k e r s  t o  c o n t a m i n a n t s  t h r o u g h  d i s r u p t i o n  o f  t h e  

i n - p l a c e  s o i l s .  T h e  e v a l u a t i o n  i s  m o d e r a t e .  
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.  E x p o s u r e s  a f t e r  r e m e d i a l  a c t i o n .  

E x p o s u r e  i s  p r i m a r i l y  b y  w a y  o f  t h e  i n s t a l l a t i o n  o f  n e w  

w e l l s  i n  t h e  r e m a i n i n g  c o n t a m i n a t e d  L e v e l  B  a q u i f e r .  T h e  

p o t e n t i a l  e x i s t s  f o r  c o n t a m i n a n t  m i g r a t i o n  f r o m  t h e  d i s p o s a l  

l o c a t i o n .  T h e  e v a l u a t i o n  i s  m o d e r a t e .  

T h e  o v e r a l l  p u b l i c  h e a l t h  p r o t e c t i o n  p r o v i d e d  b y  t h e  R D  1  

A l t e r n a t i v e  i s  m o d e r a t e .  

R D  2  -  S u r f a c e  a n d  S u b s u r f a c e  S o i l .  R e m o v e / P i s p o s e / Q n - O f f  S i t e :  

G r o u n d w a t e r .  P u m p / T r e a t / D i s p o s e ;  S t r u c t u r e  D e m o l i t i o n / D i s n o s a l .  

I n s t i t u t i o n a l  R e s t r i c t i o n s :  W e l l s ,  L a n d  U s e .  

. Minimization or prevention of contaminant releases. 

T h e  R D  2  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  s u r f a c e  

w a t e r  m i g r a t i o n  o f  c o n t a m i n a n t s  f r o m  t h e  s o u r c e  a r e a .  T h e  

L e v e l  A  a q u i f e r  i s  p u m p e d  a n d  t r e a t e d  t o  m e e t  M C L s .  T h e  

d e m o l i t i o n  a n d  r e m o v a l  o f  t h e  b u i l d i n g  r e m o v e s  t h i s  s o u r c e  

o f  c o n t a m i n a n t  f o r  f u t u r e  a c t i v i t i e s .  T h e  e v a l u a t i o n  o f  t h e  

a l t e r n a t i v e  o n  t h i s  c r i t e r i o n  i s  m o d e r a t e .  

.  E x p o s u r e s  d u r i n g  r e m e d i a l  a c t i o n .  

T h e  e x p o s u r e s  w i l l  r e s u l t  p r i m a r i l y  t o  o n - s i t e  w o r k e r s  f r o m  

e x p o s u r e  t o  a i r b o r n e  c o n t a m i n a n t  p a r t i c u l a t e s .  T h e  r e m o v a l  

a n d  t r e a t m e n t  o f  b o t h  t h e  s u r f a c e  a n d  s u b s u r f a c e  s o i l  w i l l  

e x p o s e  t h e  w o r k e r s  t o  c o n t a m i n a n t s  t h r o u g h  d i s r u p t i o n  o f  t h e  

i n - p l a c e  s o i l s .  T h e  e v a l u a t i o n  i s  m o d e r a t e .  
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.  E x p o s u r e s  a f t e r  r e m e d i a l  a c t i o n .  

E x p o s u r e  i s  p r i m a r i l y  b y  w a y  o f  t h e  i n s t a l l a t i o n  o f  n e w  

w e l l s  i n  t h e  r e m a i n i n g  c o n t a m i n a t e d  L e v e l  B  a q u i f e r .  T h e  

p o t e n t i a l  e x i s t s  f o r  c o n t a m i n a n t  m i g r a t i o n  f r o m  t h e  d i s p o s a l  

l o c a t i o n .  T h e  e v a l u a t i o n  i s  m o d e r a t e .  

T h e  o v e r a l l  p u b l i c  h e a l t h  p r o t e c t i o n  p r o v i d e d  b y  t h e  R D  2  

A l t e r n a t i v e  i s  m o d e r a t e  

S S  -  S u r f a c e / S u b s u f a c e  S o i l .  R e m o v e / S t a b i 1 i z e / R e p l a c e :  B u i l d i n g  

Demolition; Institutional Controls: Wells, land USP 

.  M i n i m i z a t i o n  o r  p r e v e n t i o n  o f  c o n t a m i n a n t  r e l e a s e s .  

T h e  S S  a l t e r n a t i v e  m i t i g a t e s  t h e  a i r b o r n e  a n d  s u r f a c e  w a t e r  

m i g r a t i o n  o f  c o n t a m i n a n t s  f r o m  t h e  s o u r c e  a r e a .  T h e  

d e m o l i t i o n  a n d  r e m o v a l  o f  t h e  b u i l d i n g  r e m o v e s  t h i s  s o u r c e  

o f  c o n t a m i n a n t  f o r  f u t u r e  a c t i v i t i e s .  T h e  e v a l u a t i o n  o f  t h e  

a l t e r n a t i v e  o n  t h i s  c r i t e r i a  i s  m o d e r a t e .  

.  E x p o s u r e s  d u r i n g  r e m e d i a l  a c t i o n .  

T h e  e x p o s u r e s  w i l l  r e s u l t  p r i m a r i l y  t o  o n - s i t e  w o r k e r s  f r o m  

e x p o s u r e  t o  a i r b o r n e  c o n t a m i n a n t  p a r t i c u l a t e s .  T h e  r e m o v a l  

a n d  t r e a t m e n t  o f  b o t h  t h e  s u r f a c e  a n d  s u b s u r f a c e  s o i l  w i l l  

e x p o s e  t h e  w o r k e r s  t o  c o n t a m i n a n t s  t h r o u g h  d i s r u p t i o n  o f  t h e  

i n - p l a c e  s o i l s .  T h e  r a t i n g  i s  m o d e r a t e .  
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E x p o s u r e s  a f t e r  r e m e d i a l  a c t i o n .  

E x p o s u r e  i s  p r i m a r i l y  b y  w a y  o f  t h e  i n s t a l l a t i o n  o f  n e w  

w e l l s  i n  t h e  r e m a i n i n g  c o n t a m i n a t e d  a q u i f e r .  T h e  e v a l u a t i o n  

i s  m o d e r a t e .  

T h e  o v e r a l l  p u b l i c  h e a l t h  r a t i n g  f o r  t h e  S S  a l t e r n a t i v e  i s  

m o d e r a t e .  

5 . 5 . 2  S u m m a r y  o f  P u b l i c  I m p a c t s  A n a l y s i s  

T a b l e  5 - 5  i s  a  s y n o p s i s  o f  e a c h  o f  t h e  a s p e c t s  w h i c h  a f f e c t  t h e  

v a r i o u s  c r i t e r i a ,  t h e  r a t i n g s  f o r  t h e  c r i t e r i a ,  a n d  t h e  o v e r a l l  

r a t i n g s  f o r  p u b l i c  h e a l t h  i m p a c t s .  C o s t  e s t i m a t i n g  r e f e r e n c e s  a r e  

l i s t e d  i n  A p p e n d i x  C .  

COST ANALYSIS 

T h e  c o s t  a n a l y s i s  c o n s i s t s  o f  t h e  t h r e e  s t e p s  a s  s p e c i f i e d  i n  t h e  E P A  

G u i d a n c e  o n  F e a s i b i l i t y  S t u d i e s  u n d e r  C E R C L A  ( E P A  1 9 8 5 a ) :  e s t i m a t i o n  o f  

c o s t s ,  p r e s e n t  w o r t h  a n a l y s i s ,  a n d  s e n s i t i v i t y  a n a l y s i s .  T h e  

d e v e l o p m e n t  o f  c o n c e p t u a l  l e v e l  c o s t  e s t i m a t e s  i s  b a s e d  o n  t h e  

c o n c e p t u a l  e n g i n e e r i n g  p e r f o r m e d  f o r  e a c h  r e m e d i a l  a l t e r n a t i v e  a s  

p r e s e n t e d  i n  S e c t i o n  4 . 0 .  T h e  c o s t  e s t i m a t e s  p r e s e n t e d  i n  t h i s  s e c t i o n  

a r e  e x p r e s s e d  i n  1 9 8 7  d o l l a r s  a n d  i n c l u d e  c a p i t a l  c o s t s  a n d  a n n u a l  

o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t s .  T h e  c o s t  e s t i m a t e s  a r e  a c c u r a t e  t o  

w i t h i n  - 3 0  p e r c e n t  a n d  + 5 0  p e r c e n t  o f  t h e  f i n a l  p r o j e c t  c o s t  a s  p e r  t h e  

G u i d a n c e  D o c u m e n t .  

5 . 6 . 1  C a p i t a l  C o s t s  

A l l  i m p o r t a n t  f a c i l i t i e s / e q u i p m e n t  a n d  c o n s t r u c t i o n  f e a t u r e s  

i d e n t i f i e d  i n  t h e  c o n c e p t u a l  d e s i g n  w e r e  q u a n t i f i e d  a n d  u s e d  i n  
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e s t i m a t i n g  t h e  c a p i t a l  c o s t s .  T h e  t o t a l  c a p i t a l  c o s t s  w e r e  

d e v e l o p e d  i n t o  t w o  m a j o r  c a t e g o r i e s :  d i r e c t  c o s t s  a n d  i n d i r e c t  

c o s t s .  T h e  m a j o r  d i r e c t  c a p i t a l  c o s t s  i n c l u d e  s u c h  i t e m s  a s  s i t e  

p r e p a r a t i o n ,  c o n s t r u c t i o n ,  w e l l  d r i l l i n g ,  e q u i p m e n t ,  b u i l d i n g s ,  

a n d  s e r v i c e  c o s t s .  M a t e r i a l s ,  e q u i p m e n t ,  a n d  i n s t a l l a t i o n  c o s t s  

f o r  e a c h  r e m e d i a l  a l t e r n a t i v e  w e r e  d e r i v e d  f r o m  l i t e r a t u r e  

s o u r c e s ,  v e n d o r  q u o t e s ,  a n d  p r e v i o u s  s t u d i e s .  T a b l e  5 - 6 ,  w h i c h  i s  

p l a c e d  a t  t h e  e n d  o f  t h i s  s e c t i o n ,  i n c l u d e s  a  s u m m a r y  o f  t h e  

c a p i t a l  c o s t  e s t i m a t e s  i n c l u d i n g  b o t h  d i r e c t  a n d  i n d i r e c t  c a p i t a l  

c o s t s .  A n  i t e m i z e d  b r e a k d o w n  o f  t h e  c a p i t a l  c o s t  e s t i m a t e s  f o r  

t h e  r e m e d i a l  a l t e r n a t i v e s  i s  p r e s e n t e d  i n  A p p e n d i x  B  b y  m a j o r  c o s t  

c o m p o n e n t s .  

T h e  i n d i r e c t  c a p i t a l  c o s t s  i n c l u d e  e n g i n e e r i n g ,  d e s i g n ,  

a d m i n i s t r a t i o n  a n d  i n s p e c t i o n  e x p e n s e s ,  c o n t i n g e n c y  a l l o w a n c e s ,  

W a s h i n g t o n  S t a t e  s a l e s  t a x ,  p r e p a r a t i o n  o f  p e r m i t - e q u i v a l e n t  

i n f o r m a t i o n ,  a n d  i n  s o m e  c a s e s ,  s h a k e d o w n .  T h e  a s s u m p t i o n s  u s e d  

f o r  i n d i r e c t  c a p i t a l  c o s t  e s t i m a t e s  a r e  a s  f o l l o w s :  

.  C o n t i n g e n c y  a l l o w a n c e s :  1 5  -  2 2  p e r c e n t  o f  T o t a l  D i r e c t  

C o n s t r u c t i o n  C o s t ,  d e p e n d i n g  o n  h o w  w e l l  t h e  t e c h n o l o g i e s  

i n v o l v e d  a r e  e s t a b l i s h e d  a n d  t h e  u n c e r t a i n t i e s  i n v o l v e d  i n  

i m p l e m e n t a t i o n .  

.  E n g i n e e r i n g  a n d  d e s i g n  e x p e n s e s :  5  -  1 2  p e r c e n t  o f  T o t a l  

D i r e c t  C o n s t r u c t i o n  C o s t ,  d e p e n d i n g  o n  t h e  c o m p l e x i t y  o f  t h e  

t e c h n o l o g y  a n d  a n c i l l a r y  e q u i p m e n t  n e e d s .  

.  A d m i n i s t r a t i o n  a n d  i n s p e c t i o n  e x p e n s e s :  4  -  5  p e r c e n t  o f  

T o t a l  D i r e c t  C o n s t r u c t i o n  C o s t .  

.  W a s h i n g t o n  S t a t e  s a l e s  t a x :  7 . 3  p e r c e n t  o f  T o t a l  D i r e c t  

C o n s t r u c t i o n  C o s t  p l u s  c o n t i n g e n c y  a l l o w a n c e s .  
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P e r m i t - R e l a t e d  C o s t s :  0 . 5  -  2  p e r c e n t  o f  T o t a l  D i r e c t  

C o n s t r u c t i o n  C o s t .  

.  S h a k e d o w n  C o s t s :  1  -  2  p e r c e n t  o f  T o t a l  D i r e c t  C o n s t r u c t i o n  

C o s t ,  a d d e d  i f  t h e  p r o c e s s  r e q u i r e s  p r e l i m i n a r y  a d j u s t m e n t s  

i n  o p e r a t i o n .  

5 . 6 . 2  A n n u a l  O p e r a t i o n  a n d  M a i n t e n a n c e  C o s t s  

T h e  a n n u a l  o p e r a t i o n s  c o s t s  f o r  e a c h  c o s t  c o m p o n e n t  w e r e  d e v e l o p e d  

b a s e d  o n  e s t i m a t e d  p o w e r  d e m a n d ,  m a t e r i a l  a n d  c h e m i c a l  q u a n t i t i e s ,  

a n d  s a m p l i n g  a n d  a n a l y s i s  r e q u i r e m e n t s .  U n i t  c o s t  r a t e s  p r o v i d e d  

b y  v e n d o r s  w e r e  u s e d  t o  e s t i m a t e  s o m e  o f  t h e s e  o p e r a t i o n  c o s t s .  

T h e  a n n u a l  m a i n t e n a n c e  c o s t s  w e r e  d e v e l o p e d  b a s e d  o n  e q u i p m e n t  

r e p l a c e m e n t  s c h e d u l e s ,  s e r v i c i n g  r e q u i r e m e n t s ,  a n d  g e n e r a l  

m a i n t e n a n c e  a c t i v i t i e s .  

A n  i t e m i z e d  b r e a k d o w n  o f  t h e  a n n u a l  o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t  

e s t i m a t e s  f o r  t h e  r e m e d i a l  a l t e r n a t i v e s  i s  p r e s e n t e d  i n  A p p e n d i x  

B .  T h e  t o t a l  e s t i m a t e d  a n n u a l  o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t s  a n d  

y e a r s  i n c u r r e d  a r e  a l s o  s u m m a r i z e d  i n  T a b l e  5 - 6 .  

5 . 6 . 3  P r e s e n t  W o r t h  

P r e s e n t  w o r t h  a n a l y s i s  i s  u s e d  t o  e v a l u a t e  t h e  c a p i t a l  a n d  

o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t s  t h a t  o c c u r  o v e r  d i f f e r e n t  t i m e  

p e r i o d s  o f  t h e  r e m e d i a l  a l t e r n a t i v e s  b y  d i s c o u n t i n g  a l l  f u t u r e  

c o s t s  t o  a  c o m m o n  m o n e t a r y  b a s i s ,  t h e  p r e s e n t  w o r t h .  T h i s  a l l o w s  

t h e  c o s t s  o f  t h e  v a r i o u s  a l t e r n a t i v e s  t o  b e  c o m p a r e d  o n  t h e  b a s i s  

o f  a  s i n g l e  t o t a l  c o s t  f i g u r e  r e p r e s e n t i n g  t h e  a m o u n t  o f  m o n e y ,  

t h a t ,  i f  i n v e s t e d  i n  t h e  b a s e  y e a r  a n d  e x p e n d e d  a s  n e e d e d ,  w o u l d  

b e  s u f f i c i e n t  t o  c o v e r  a l l  c o s t s  a s s o c i a t e d  w i t h  t h e  r e m e d i a l  
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a c t i o n  o v e r  i t s  p l a n n e d  l i f e .  T h e  p r e s e n t  w o r t h  o f  a n  a l t e r n a t i v e  

i s  c o m p u t e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  f o r m u l a :  

P W  -  ( P W F )  ( 0  +  M )  +  T C C  

W h e r e :  

P W  -  p r e s e n t  w o r t h  

P W F  =  p r e s e n t  w o r t h  f a c t o r  f o r  a n  i n t e r e s t  r a t e  o f  1 0  

p e r c e n t  a n d  a  p e r i o d  o f  3 0  y e a r s  ( 9 . 4 2 7 )  

0  =  a n n u a l  o p e r a t i o n  c o s t  

M  =  a n n u a l  m a i n t e n a n c e  c o s t  

T C C  *  t o t a l  c a p i t a l  c o s t  

T h e  P W F  i s  a  f u n c t i o n  o f  t h e  i n t e r e s t  r a t e  a n d  t h e  t i m e  p e r i o d .  

A n  i n t e r e s t  r a t e  o f  1 0  p e r c e n t  a n d  a  t i m e  p e r i o d  o f  1 5  y e a r s  w a s  

u s e d  t o  d e v e l o p  t h e  p r e s e n t  w o r t h  a c c o r d i n g  t o  t h e  E P A  G u i d a n c e  

D o c u m e n t  ( E P A  1 9 8 5 a ) .  I t  s h o u l d  b e  n o t e d  t h a t  n o  i n f l a t i o n  f a c t o r  

h a s  b e e n  c o n s i d e r e d  i n  t h e  o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t .  T a b l e  

5 - 6  p r e s e n t s  a  s u m m a r y  o f  t h e  p r e s e n t  w o r t h  o f  e a c h  o f  t h e  

r e m e d i a l  a l t e r n a t i v e s  i n c l u d i n g  i t s  c a p i t a l  c o s t  a n d  t h e  p r e s e n t  

w o r t h  o f  i t s  o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t .  

5 . 6 . 4  S e n s i t i v i t y  A n a l y s i s  

A  s e n s i t i v i t y  a n a l y s i s  m a y  b e  c o n d u c t e d  t o  a s s e s s  t h e  e f f e c t  t h a t  

a s s u m p t i o n s  a s s o c i a t e d  w i t h  t h e  d e s i g n ,  i m p l e m e n t a t i o n ,  o p e r a t i o n ,  

i n t e r e s t  r a t e ,  a n d  e f f e c t i v e  l i f e  c a n  h a v e  o n  t h e  e s t i m a t e d  c o s t s  

o f  t h e  a l t e r n a t i v e s .  T h e s e  a s s u m p t i o n s  d e p e n d  o n  t h e  a c c u r a c y  o f  

t h e  d a t a  d e v e l o p e d  d u r i n g  t h e  r e m e d i a l  i n v e s t i g a t i o n  a n d  o n  

p r e d i c t i o n  o f  t h e  f u t u r e  b e h a v i o r  o f  t h e  r e m e d i a l  t e c h n o l o g y  a n d  

a r e  s u b j e c t  t o  v a r y i n g  d e g r e e s  o f  u n c e r t a i n t y .  T h e  s e n s i t i v i t y  o f  

t h e  c o s t s  t o  t h e s e  u n c e r t a i n t i e s  c a n  b e  e v a l u a t e d  b y  v a r y i n g  t h e s e  

a s s u m p t i o n s  a n d  n o t i n g  t h e  e f f e c t  o n  e s t i m a t e d  c o s t s .  
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T h e  l a r g e s t  u n c e r t a i n t i e s  a f f e c t i n g  t h e  c o s t  a t  t h e  F H C  s i t e  a r e  

t h e  t o t a l  ( L e v e l  A  a n d  L e v e l  B )  a q u i f e r  r e s t o r a t i o n  c o s t s  a n d  s o i l  

c a p p i n g  c o s t s  w i t h  a n  i n h e r e n t  h i g h  m a i n t e n a n c e .  H o w e v e r ,  t h e  

a l t e r n a t i v e s  c o n t a i n i n g  t h e s e  f e a t u r e s  w e r e  e l i m i n a t e d  b a s e d  u p o n  

c o s t  a n d  m i n i m a l  r e m e d i a t i o n .  I t  w a s  a l s o  n o t e d  t h a t  t h e  c o s t  

d i f f e r e n c e s  o f  m a n y  o f  t h e  f i n a l  a l t e r n a t i v e s  i s  n o t  l a r g e  d u e  t o  

t h e  c o m m o n  c o m p o n e n t s .  T o  a d j u s t  o n e  o f  t h e  p a r a m e t e r s  w o u l d  

p r o d u c e  s i m i l a r  c h a n g e s  i n  t h e  c o s t  o f  a l l  t h e  s i m i l a r  

a l t e r n a t i v e s .  A s  a  r e s u l t ,  a  s e n s i t i v i t y  a n a l y s i s  b a s e d  o n  

v a r i a t i o n  o f  r e m e d i a t i o n  p a r a m e t e r s  w o u l d  n o t  y i e l d  s i g n i f i c a n t  

d i f f e r e n c e s  b a s e d  o n  c o s t ,  a n d  w a s  t h e r e f o r e  n o t  p e r f o r m e d .  

S e n s i t i v i t y  a n a l y s e s  o f  t h e  p r e s e n t  w o r t h  o f  t h e  o p e r a t i o n  a n d  

m a i n t e n a n c e  c o s t s  t o  i n t e r e s t  r a t e s  o f  5  p e r c e n t ,  1 0  p e r c e n t  a n d  

1 5  p e r c e n t  w e r e  c o n d u c t e d  a n d  i s  a l s o  s u m m a r i z e d  i n  T a b l e  5 - 6 .  A s  

s h o w n ,  t h e  p r e s e n t  w o r t h  o f  e a c h  a l t e r n a t i v e  i n c r e a s e s  a s  t h e  

i n t e r e s t  r a t e  d e c r e a s e s  s i n c e  t h e  h i g h e r  t h e  i n t e r e s t  r a t e ,  t h e  

l e s s  m o n e y  i s  n e e d e d  i n i t i a l l y  t o  f i n a n c e  t h e  a n n u a l  o p e r a t i o n  a n d  

m a i n t e n a n c e  c o s t s  o v e r  t h e  1 5  y e a r s .  T h e  u s e  o f  l o w e r  i n t e r e s t  

r a t e s  m a y  a l s o  b e  i n t e r p r e t e d  a s  a n  i n c l u s i o n  o f  i n f l a t i o n  r a t e s .  

F o r  e x a m p l e ,  a  5  p e r c e n t  i n t e r e s t  r a t e  m a y  b e  i n t e r p r e t e d  a s  a  1 0  

p e r c e n t  t i m e  v a l u e  o f  m o n e y  w i t h  a  5  p e r c e n t  i n f l a t i o n  r a t e .  T h e  

p r e s e n t  w o r t h  o f  r e m e d i a l  a l t e r n a t i v e s  w i t h  h i g h  a n n u a l  o p e r a t i o n  

a n d  m a i n t e n a n c e  c o s t s  c o m p a r e d  t o  c a p i t a l  c o s t  a r e  m o r e  s e n s i t i v e  

t o  i n t e r e s t  r a t e s  t h a n  t h o s e  w i t h  l o w  o p e r a t i o n  a n d  m a i n t e n a n c e  

c o s t s  r e l a t i v e  t o  c a p i t a l  c o s t s .  T h i s  f a c t  i n d i c a t e s  t h a t  i f  

i n f l a t i o n  i s  c o n s i d e r e d  s i g n i f i c a n t ,  a l t e r n a t i v e s  w i t h  h i g h  

o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t s  b e c o m e  l e s s  a t t r a c t i v e  

e c o n o m i c a l l y .  
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5 . 6 . 5  S u m m a r y  o f  C o s t  E s t i m a t e s  

T a b l e  5 - 6  p r e s e n t s  a  s u m m a r y  o f  t h e  c o s t  e s t i m a t e s  f o r  t h e  f i n a l  

c a n d i d a t e  R e m e d i a l  A l t e r n a t i v e s .  T h e  c o s t s  o f  t h e  m a j o r  

c o m p o n e n t s  o f  e a c h  a l t e r n a t i v e  a r e  l i s t e d .  C a p i t a l  c o s t s ,  

o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t s  a n d  t h e  y e a r s  i n  w h i c h  t h e y  a r e  

i n c u r r e d ,  a n d  p r e s e n t  w o r t h  v a l u e s  f o r  i n t e r e s t  r a t e s  o f  5 ,  1 0  a n d  

1 5  p e r c e n t  a r e  p r e s e n t e d .  D e t a i l s  o f  t h e  c o s t s  m a y  b e  f o u n d  i n  

A p p e n d i x  B .  

SUMMARY OF DETAILED FVAI UATTDN 

T h e  r e s u l t s  o f  t h e  d e t a i l e d  e v a l u a t i o n  o f  a l t e r n a t i v e s  p r e s e n t e d  i n  

S e c t i o n  5  a r e  c o m b i n e d  i n  T a b l e  5 - 7 .  T h e  r e s u l t s  o f  t h e  n o n c o s t  

e v a l u a t i o n s  a r e  s u m m a r i z e d  f o r  e a c h  a l t e r n a t i v e  u s i n g  t h e  h i g h - m o d e r a t e -

l o w  r a t i n g  s y s t e m .  T h e  r e s u l t s  o f  t h e  c o s t  e v a l u a t i o n  a r e  s u m m a r i z e d  i n  

t o t a l  p r e s e n t  w o r t h  d o l l a r s  f o r  a  1 5 - y e a r  p r o j e c t  l i f e  a t  a  1 0  p e r c e n t  

d i s c o u n t  r a t e .  T h i s  s u m m a r y  o f  t h e  d e t a i l e d  e v a l u a t i o n  i s  u t i l i z e d  i n  

C h a p t e r  6 . 0  t o  p e r f o r m  t h e  f i n a l  r a n k i n g  o f  a l t e r n a t i v e s .  
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T A B L E  5 - 1  

D E T A I L E D  E V A L U A T I O N  C R I T E R I A  

T E C H N I C A L  F E A S I B I L I T Y  

P e r f o r m a n c e  
o  E f f e c t i v e n e s s  
o  U s e f u l  L i f e  

R e l i a b i l i t y  
o  O p e r a t i o n  a n d  M a i n t e n a n c e  R e q u i r e m e n t s  
o  P o s s i b l e  F a i l u r e  M o d e s  

I m p l e m e n t a b i l i t y  
o  C o n s t r u c t i b i l i t y  
o  T i m e  

S a f e t y  
o  W o r k e r  
o  N e i g h b o r h o o d  

I N S T I T U T I O N A L  R E Q U I R E M E N T S  

C o n f o r m a n c e  t o  A R A R  
P e r m i t t i n g  R e q u i r e m e n t s  
C o m m u n i t y  C o n c e r n s  

E N V I R O N M E N T A L  I M P A C T S  

B e n e f i c i a l  E f f e c t s  
o  F i n a l  E n v i r o n m e n t a l  C o n d i t i o n s  
o  I m p r o v e m e n t s  i n  B i o l o g i c a l  C o m m u n i t y  
o  I m p r o v e m e n t s  i n  H u m a n  U s e  R e s o u r c e s  
o  P e r m a n e n t  T r e a t m e n t  ( R e d u c t i o n  i n  T o x i c i t y ,  M o b i l i t y  a n d / o r  

V o l u m e  o f  C o n t a m i n a t i o n )  

A d v e r s e  E f f e c t s  
o  C o n s t r u c t i o n  a n d  O p e r a t i o n  
o  M i t i g a t i v e  M e a s u r e s  
o  R e l i a n c e  o n  L e v e l  D i s p o s a l  

P U B L I C  H E A L T H  I M P A C T S  

M i n i m i z a t i o n  o f  C h e m i c a l  R e l e a s e s  
E x p o s u r e s  D u r i n g  R e m e d i a l  A c t i o n  
E x p o s u r e s  A f t e r  R e m e d i a l  A c t i o n  

C O S T  

C a p i t a l  C o s t  
O p e r a t i o n  a n d  M a i n t e n a n c e  C o s t s  
P r e s e n t  W o r t h  C o s t  



TABLE 5-2a 

SUMMARY OF TECHNICAL FEASIBIITY EVALUATION 

Performance 
Criterion 

Reliability 

Remedial Alternatives Effectiveness Useful life 
Operation and 

Maintenance Requirements 
Possible 

Failure Modes 

NA 
No Action 
Monitoring 
Institutional Control 

SO 
Surface Soil R/D 
Structure Cleaning 
Institutional Controls 

RT I and RT 1A 
Soil R/T/R 
G.H. R/T/R 
Structure Removal 
Institutional Control 

RT 2 and RT 2A 
Soil R/T/R 
G.N. R/T/Dlscharge 
Structure Removal 
Institutional Control 

RO 1 
Soil R/Dlspose 
G.W. R/T/R 
Structure Removal 
Institutional Control 

2 or 3 wells to supplement 30 • years 
existing for effective monitor
ing 

Performance Rating High 

Effective when combined with 40 + years 
Institutional restrictions 

Level A & B aquifers do not meet MCL 
Performance Rating High 

Level A aquifer meets MCL 15 years 
Level B aquifer will not meet MCL 
Soil treatment effectiveness 

still to be determined. 

Performance Rating Moderate 

15 years Level A aquifer meets MCL 
Level B aquifer will not meet MCL 
Soil treatment effectiveness 

still to be determined. 

Performance Rating Moderate 

Level A aquifer meets MCL 
Level B aquifer will not meet MCL 

15 years 

Indefinite need to provide wells 
and pump maintenance 

Potential well failure 
Generally reliable 

proven technology 
Performance Rating High 

Possible need for reseallng of 
building 

Unauthorized alterations 
to building or ground 
surface 

Performance Rating Moderate 

(RT 1) High O&M requirements on soil 
and water cleaning process. 
Indefinite operation of 
extraction and recharge wells. 
Hater equipment reviewed on 
regular basis. 

Performance Rating Low 

Clay soil washing process 
not proven (RT 1). 

High O&M requirements on soil (RT 2) 
and water cleaning process. 
Indefinite operation of 
extraction and discharge system. 
Water equipment and piping 
replaced in lifetime. 

Performance Rating Low 

Clay soil washing process 
not proven (RT 2). 

Indefinite operation of 
extraction and recharge wells. 
Replacement of water equipment 
must be programmed. Indefinite 
on-site landfill maintenance. 

Landfill construction 
coninon technology. 

Performance Rating Moderate Performance Rating Moderate 
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RO 2 
Soil R/Dispose 
G.W. R/T/Dlscharge 
Structure Removal 
Institutional Control 

SS 
Soil R/T/R 
Structure Removal 
Monitoring 
Institutional Control 

Level A aquifer meets MCL 15 years 
Level B aquifer Mill not meet MCL 

Performance Rating Moderate 

Some source stabilized. Plume 
will move slowly towards 
Columbia River. 

30+ years 

Performance Rating Hoderate 

Indefinite operation of 
extraction and recharge wells. 
Replacement of water equipment 
must be programmed. Maintenance 
of River discharge. Indefinite 
on-site landfill maintenance. 

Landfill construction 
coinnon technology. 

Performance Rating Moderate 

Soil Stabilization relatively 
unproven for chromium. 

Chromium may continue 
to leach. 

Performance Rating low 
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TABLE 5-2b 

SUMMARY OF TECHNICAL FEASIBIITY EVALUATION 

Criterion 

Constructablllty" 
Implementablllty 

Remedial Alternatives Site Conditions 

No physical site restrictions 

Conditions 
External to Site 

Time 

To Implement 

3 months 

To See Desire Results 

4 months NA 
No Action 
Monitoring 
Institutional Controls 

SO 
Surface Soil R/D 
Structure Cleaning 
Institutional Controls 

RT 1 and RT 1A 
All Soil R/T/R 
G.M. R/T/R 
Structure Removal 
Institutional Control 

RT 2 and 2T 2A 
All Soil R/T/R 
G.M. R/T/Dlscharge 
Structure Removal 
Institutional Control 

RO 1 
All Soil R/Dlspose 
G.H. R/T/R 
Structure Removal 
Institutional Control 

RD 2 
All Soil R/Olspose 
G.M. R/T/Dlscharge 
Structure Removal 
Institutional Control 

Most wells off-site. Subject 
to outside activities. 

Performance Rating Moderate 

No site restrictions Availability of off-site 
disposal (RCRA) 

Performance Rating High 

Pilot plant required to verify 
technology for site; removal 
of structure. 

Performance Rating Low to Moderate 

Off-site disposal of some 
materials (RCRA) 

Pilot plant required to verify 
technology for site; removal 
of structure. 

Performance Rating Low to Moderate 

On-site landfill; structure removal 

Difficulties with discharge 
permits, construction 

Availability of off-site disposal 
of soil (RCRA) 

Performance Rating Moderate 

On-site landfill; structure removal Difficulties with discharge permits, 
construction. Availability of 
off-site disposal (RCRA) 

Performance Rating Moderate 

Less than 1 year Less than 1 year 

4 years (RT I) 
2 Years (RT 1A) 

4 years (RT 2) 

2 years 

2 years 

15+ years 

15+ years 

15+ years 

15+ years 
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Controls crocl.l. Loss th.„ 1 „.r t,„ th„ 1 „.r 

Institutional Control 

Performance Rating Moderate 
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TABLE 5-2c 

SUMMARY OF TECHNICAL FEASIBIITV EVALUATION 

Remedial Alternatives 

Safety Consideration 
Criterion 

Worker Health and Safety 

No major safety concerns. 

Neighboring Facilities 
and Communities Overall Rating 

High 
NA 
No Action 
Monitoring 
Institutional Controls 

SO 
Surface Soil R/0 
Structure Cleaning 
Institutional Controls 

RT 1 and RT 1A 
All Soil R/T/R 
G.W. R/T/R 
Structure Removal 
Institutional Control 

RT 2 I RT 2A 
All Soil R/T/R 
G.W. R/T/Dlscharge 
Structure Removal 
Institutional Control 

RO I 
All Soil R/Dlspose 
G.W. R/T/R 
Structure Removal 
Institutional Control 

RD 2 
All Soil R/Dispose 
G.W. R/T/Dlscharge 
Structure Removal 
Institutional Control 

No adverse effects. 

Worker exposure during building Hauling of contaminated materials 
decontamination and soil removal. over public roads. 

Performance Rating Moderate to High 

Worker exposure during soil treatment, Stockpiled material exposed to 
building demolition, water treatment. environment during operation. 

Performance Rating Low to Moderate 

Worker exposure during soil treatment. Stockpiled material exposed to 
building demolition, water treatment. environment during remediation. 

Discharge Into Columbia River. 
Performance Rating Low to Moderate 

High 

Low to 
Moderate 

Worker exposure during water treatment, 
building demolition, soil removal. 

Hauling of contaminated soil over public 
thoroughfare. Stockpiled soil exposed 
to environment. 

Performance Rating Moderate to High 

Worker exposure during water treatment, 
building demolition, soil removal. 

Hauling of contaminated soil over public 
thoroughfare. Stockpiled soil exposed 
to environment. Water discharge Into 
Columbia River. 

Performance Rating Moderate to High 

Moderate 

Moderate 
to High 

Moderate 
to High 

Low to 
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*" s?n R/T/R , Worker exposure during building Stockpiled soil exposed to environment. 
Structure Removal demoliton, soil removal. 
Institutional Control 

Performance Rating High 

Moderate 
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TABLE 5-3 

SUMMARY OF INSTITUTIONAL REQUIREMENTS EVALUATION 

Crllerion 
Remedial AlLernatlves Other 

Conformance Permitting Community Institutional Overall 
to ARARs Requirements Concerns Control Rating 

NA 
No Action 
Monitoring 
institutional Controls 

SO 
Surface Soil R/D 
Structure Cleaning 
Institutional Controls 

RT 1 and RT 1A 
All Soil R/T/R 
G.H. R/T/R 
Structure Removal 
Institutional Control 

RT 2 and RT 2A 
All Soil R/T/R 
G.W. R/T/Discharge 
Structure Removal 
Institutional Control 

RO 1 
All Soil R/Oispose 
G.W. R/T/R 
Structure Removal 
Institutional Control 

Air quality standards met 
Groundwater drinking and 

ambient standards not met 
Low 

Air quality standards met 
Groundwater standards not met 
Addresses surface soil and 

surface water contaminants 
Low to Moderate 

Air quality standards met 
Level B HCLs not met 
Addresses surface soil and 

surface water 

Moderate 

Air quality standards met 
Level B MCLs not met 
Addresses surface soil and 

surface water 

Moderate 

Air quality standards met 
Level B MCLs not met 
Better source removal in 

subsurface 
Addresses surface soil and 

surface water contaminants 

Not Significant 
issue 

Not Significant 
issue 

Groundwater 
Removal and 
Recharge 

Moderate 

Groundwater 
Removal NPDES 
for Oischarge 

Moderate 

Groundwater 
Removal and 
Recharge 

On-site Landfill 

Does not address 

Low 

Addresses airborne, 
surface soil and 
surface water 

High 

Addresses airborne 
surface soil and 
surface water 

High 

Addresses airborne 
surface soil and 
surface water 

High 

Addresses airborne 
surface soil and 
surface water 

noiritiiun un 
site access, land 
use and water supply 

Restriction on land 
use and water supply 

Restriction on land 
use, though less 
severe than SO or N/A. 
Restriction on water 
supply 

Restriction on land 
use, those less 
severe than SO or N/A. 
Restriction on water 
supply 

Restriction on land 
use, though less 
severe than SO or N/A. 
Restriction on water 
Supply 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate - High Moderate High 
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T A B L E  5 - 3  ( C o n t i n u e d )  
S U M M A R Y  O F  I N S T I T U T I O N A L  R E Q U I R E M E N T S  E V A L U A T I O N  

RD 2 
All Soil R/Dispose 
G.W. R/T/Discharge 
Structure Removal 
institutional Control 

Air quality standards met 
Level B MCLs not met 
Better source removal in 

subsurface 
Addresses surface soil and 

surface water contaminants 

Groundwater 
Removal NPOES 
Discharge 

On-site Landfill 

Addresses airborne 
surface soil and 
surface water 

Restriction on land 
use, though less 
severe than SO or N/A. 
Restriction on water 
Supply 

Moderate 

Moderate - High Moderate High 

SS 
All Soil R/T/R 
Structure Removal 
Institutional Control 

. Air quality standards met 

. GW ARARs not met 

. Addresses surface soil/water 

. Source stabilization 

Moderate 

Not Significant 
issue 

High 

Addresses air, surface 
and subsurface soil, 
and surface water. 

High 

Restriction on water 
supply 

Restriction on land 
use though less severe 
than SO or N/A. 

Moderate 
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TABLE 5- 4  
SUMMARY OF ENVIRONMENTAL IMPACTS EVALUATION 

CRITERION 

Remedial 
Allernalives 

Beneficial 
EffecLs 

Adverse 
Effects 

Overall 
Rating 

NA 
No Action 
Monitoring 
Institutional Control 

SO 
Surf. Soil Remove/Dispose 
Structure Clearing 
Institutional Control 

RT1 & RT1A 
All soil R/T/R 
G.N. R/T/R 
Structure removal 
Institutional Control 

RT2 & RT2A 
All soil R/T/R 
G.W. R/T Discharge 
Structure Removal 
Institutional Control 

RD1 
All soil Rem/Dispose 
G.W. R/T/R 
Structure Removal 
Institutional Control 

None 

Low 

Eliminates availability of surface 
contaminants to air and surface 
water. 
Moderate 

Removes Source Material 
Meets MCLs in Level A Aquifer 
Removes Surface Contamination 

Moderate to High 

Removes Source Material 
Meets MCLs in Level A Aquifer 
Removes Surface Contamination 

Moderate to High 

Removes Source Material 
Meets MCLs in Level A Aquifer 
Removes Surface Conlamination 

Moderate 

Continual expansion of plume - eventual Low 
release in Columbia River. Soil contami
nants available to surface water and wind. 
Low 

Continued expansion of plume - eventual Low to 
release in Columbia River. Moderate 

Low 

Some groundwater contamination remains at end Moderate 
of operational life of water treatment system, to High 

Low to Moderate 

Treated discharge to Columbia River. Moderate 
Some groundwater contamination remains at end to High 
of operational life of treatment system. 

Low to Moderate 

Some groundwater contamination remains at end Moderate 
of operational life of water treatment system. 
On-site landfill monitored indefinitely. 

Moderate 
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TABLE 5-4 (Continued) 
SUMMARY OF ENVIRONMENTAL IMPACTS EVALUATION 

CRITERION 

Remedial 
Allernallves 

Beneficial 
Effects 

Adverse 
E fects 

Overall 
Rating 

RD2 
All soil Rem/Dispose 
G.W. R/T/Discharge 
Structure Removal 
Institutional Control 

SS 
All Soil R/T/R 
Structure Removal 
Institutional Control 

Removes Source Material 
Meets MCLs in Level A Aquifer 
Removes Surface Contamination 

Moderate 

Eliminates Air and Surface Water Pollution 
Stabilizes Source Material 
Moderate 

Treated discharge to Columbia River. Moderate 
Some groundwater contamination remains at end 
of operational life of treatment system. 
On-site landfill monitored indefinitely. 
Moderate 

Continual expansion of plume Moderate 
Eventual release in Columbia River 
Moderate 

Note: Soil R/T/R - Remove/Treat or Stabilize/Replace 
G.W. R/T/R - Groundwater Remove/Treat/Recharge 
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TABLE 5-5 
SUMMARY OF PUBLIC HEALTH EVALUATION 

Criterion 

Remedial Alternatives Minimization or 
Prevention of 

Contaminant Releases 

Exposures 
During Remedial 

Action 

Exposures 
After Remedial 

Action 

Overall 
Rating 

NA 
No Action 
Monitoring 
Institutional Control 

SO 
Surface Soil Rem/Ois 
Structure Clean/Seal 
Institutional Control 

RT1 & RT1A 
All Soil R/T/R 
G.W. R/T/R 
Structural Removal 
Institutional Control 

RT2 & RT2A 
All Soil R/T/R 
G.W. R/T/Oischarge 
Structural Removal 
Institutional Control 

R01 
All Soil Rem/Dispose 
G.W. R/T/R 
Structure Removal 
Institutional Control 

No minimization of releases 

Low 

Prevents exposure to surface soil and 
building contaminants. No mitigation 
groundwater. 
Low to Moderate 

Prevention of plume migration. 
Source removal. 

Moderate 

Prevention of plume migration. 
Source removal. 

Moderate 

Prevention of plume migration. 
Source removal. 

Moderate 

No remedial action 

This criteria not applicable 

No significant exposure. 

High 

Airborne through disruption 
of soil 

Moderate 

Airborne through disruption 
of soil 

Moderate 

Airborne through disruption 
of soil 

Moderate 

Surface Soil 
Building Surfaces 
Surface Water 
Low 

Possible through unauthorized excava
tion or wells. 

Low 

Low to 
Moderate 

Moderate 

Some groundwater contamination remains Moderate 
at end of operational life of treatment 
system. Possible exposure through 
unauthorized wells. 
Low to Moderate 

Some groundwater contamination remains Moderate 
at end of operational life of treatment 
system. Possible exposure thru 
unauthorized wells. 
Low to Moderate 

Some groundwater contamination remains Moderate 
at end of operational life of treatment 
system. Possible exposure through 
unauthorized wells. 
Moderate 
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SUMMARY OF PUBLIC HEALTH 

Criterion 

TABLE 5-5 (Continued) 
EVALUATION 

Remedial Alternatives Minimization or Exposures Exposures Overall 
Prevention of During Remedial After Remedial Rating 

Contaminant Releases Action Action 

RD2 
All Soil Rem/Dispose 
G.H. R/T/R 
Structure Removal 
Institutional Control 

SS 
All Soil R/T/R 
Structure Removal 
Institutional Control 

Prevention of plume migration. 
Source removal. 

Moderate 

Prevents exposure to contaminated soil 
and building. Source stabilization. 
No groundwater mitigation. 
Moderate. 

Airborne through disruption 
of soil 

Moderate 

Airborne through disruption 
of soil. 

Moderate 

Note: Soil R/T/R - Remove/Treat or Stabilize/Replace 
G.W. R/T/R - Groundwater Remove/Treat/Recharge 

Some groundwater contamination remains Moderate 
at end of operational life of treatment 
system. Possible exposure through 
unauthorized wells. 
Moderate 

Possible through unauthorized wells. Moderate 

Moderate 
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TABLE 5-6 
SUMMARY OF COST ESTIMATES 

Operation and Maintenance Costs Present Worth Versus Interest Rates 
Capital ($1,000) 

Remedial Alternative Cost Annual Cost Years 5% 10% 15% 
Cost Component ($1,000) ($l,000/yr) Incurred 

NA - No Action 
. Site Monitoring - Wells 21.0 

. Indirect Costs 9.7 

30.7 

27.4 1-15 

71477 238.7 19077 

SO - Surface Soil Removal and Disposal 
Structure Cleaning and Sealing 
Institutional Restrictions: Wells, Land Use 
. Site Monitoring - Wells 
. Surface Soil 
. Building Structure 
. Indirect Costs 

36.0 
198.7 

75.5 
106.6 

416.8 

2 8 . 2  1-15 

709.8 630.8 581.8 

RT1 - Surface and Subsurface Soil: Remove/Treat/Replace 
Groundwater: Pump/Treat/Recharge 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 
. Site Monitoring - Wells 36.0 

. Surface Soil 11.7 

. Subsurface Soil 2,737.5 

. Groundwater 5,993.9 

. Building Structure 262.4 

. Indirect Costs 4,693.0 

13,734.5 

RT1A - Surface and Subsurface Soil: Remove/Stabilize/ 
Replace 

Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 
. Site Monitoring - Wells 36.0 

. Surface and Subsurface Soil 836.0 

. Groundwater 5,993.9 

. Building Structure 262.4 

. Indirect Costs 3,700.0 

33.6 
44.2 

138.0 
1,109.0 

1.5 
32.5 

483.8 

33.6 
44.2 
24.0 
5.0 

32.5 
438.8 

1 
1-15 
1 - 2  
1-2 
1 
5,10 
1-15 

1 
1-15 
1 
1-15 
5,10 
1-15 

21,614.5 19,982.5 18,908.5 

10,828.3 16,805.3 15,224.3 14,220.3 
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TABLE 5-6 ( C o n t i n u e d )  
SUMMARY OF COST ESTIMATES 

Operation and Maintenance Costs Present Worth Versus Interest Rates 
Capital M l  n n n v  

Remedial Alternative Cost Annual Cost Years 5% io% 15% 
Cost Component ($1,000) (SI,000/yr) Incurred 

RT2 - Surface and Subscrface Soil: Remove/Treat/Replace 
Groundwater: Pump/Treat/Oischarge 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 
. Site Monitoring - Wells 

. Surface Soil 

. Subsurface Soil 

. Groundwater 

Building Structure 
Indirect Costs 

RT2A - Surface and Subsurface Soil: Remove/Stabilize/ 
Replace 

Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 
. Site Monitoring - Wells 

. Surface and Subsurface Soil 

. Groundwater 

Remove/Dispose On-Off 

. Building Structure 

. Indirect Costs 

RD1 - Surface and Subsurface Soil: 
Site 

Groundwater: Pump/Treat/Recharge 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 
. Site Monitoring - Wells 

. Surface Soil 

. Subsurface Soil 

. Groundwater 

. Building Structure 

. Indirect Costs 

36.0 

11.7 
2,737.5 
6,118.9 

262.4 
4,757.9 

13,924.4 

36.0 

836.0 

6,118.9 

262.4 
3,765.0 

11,018.3 

36.0 

297.9 
1,603.1 
5,993.9 

262.4 
3,391.6 

HT580 

33.6 
44.2 

138.0 
1,109.0 

1.5 
32.5 

483.8 

33.6 
44.2 
20.0 
5.0 

136.0 
32.5 

483.8 

33.6 
64.2 

1.5 
32.5 

483.8 

1 
1-15 
1 - 2  
1-2 
1 
5,10 
1-15 

1 
1-15 
1 
1-15 
1 - 2  
5,10 
1-15 

1 
1-15 

1 
5,10 
1-15 

21,804.4 20,172.4 19,098.4 

16,651.3 15,160.3 14,214.3 

17,353.9 15,820.9 14,848.9 
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TABLE 5 -6 ( C o n t i n u e d )  
SUMMARY OF COST ESTIMATES 

Operation and Maintenance Costs Present Worth Versus Interest Rates 
„ Capital _ ($1,000) 
Remedial Alternative Cost Annual CostYears 5% 10* 15% 

Cost Component ($1,000) ($1,000/yr) Incurred 

RD2 - Surface ano Subsurface Soil: Remove/Dispose On-Off 
Site 

Groundwater: Pump/Treat/Discharge 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 
. Site Monitoring - Wells 

. Surface Soil 

. Subsurface Soil 

. Groundwater 

Building Structure 
Indirect Costs 

36.0 

297.9 
1,603.1 

6098.9 

262.4 
3,352.0 

33.6 
64.2 

1.5 
32.5 

483.8 

1 
1-15 

1 
5,10 
1-15 

11,650.3 

SS - Surface and Subsurface Soil: Remove/Stabilize/Replace 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 
. Site Monitoring - Wells 36.0 

. Surface and Subsurface Soil 836.0 

. Building Structure 262.4 

. Indirect Costs 469.5 

53.6 
49.2 

1 
1-15 

17,419.3 15,886.3 14,914.3 

1,603.9 2,167.9 2,031.9 1,944.9 
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TABLE 5-7 
SUMMARY OF DETAILED EVALUATION 

Technical Institutional Public Health Environmental PW Cost 
Feasibility Requirements Requirements Impacts Analysis 

Remedial Alternatives Rating Rating Rating Rating ($ Million) 

N/A - No Action 

SO 

RT1 
& 

RT1A 

RT2 
& 

RT2A 

Surface Soil Removal and Disposal 
Structure Cleaning and Sealing 
Institutional Restrictions: Wells, Land Use 

Surface and Subsurface Soil: Remove/Treat/Replace 
Groundwater: Pump/Treat/Recharge 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 

Surface and Subsurface Soil: Remove/Treat/Replace 
Groundwater: Pump/Treat/Dispose 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 

RD1 - Surface and Subsurface Soil: Remove/Dispose On-Off Site 
Groundwater: Pump/Treat/Recharge 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 

R02 

SS 

Surface and Subsurface Soil: Remove/Dispose On-Off Site 
Groundwater: Pump/Treat/Dispose 
Structure Demolition/Disposal 
Institutional Restrictions: Wells, Land Use 

Surface and Subsurface Soil: Remove/Stabilize/Replace 
Structure Demolition/Disposal 
Institutional Restrictions: Wells Land Use 

High 

High 

Low to Moderate 

Low to Moderate 

Moderate to 
High 

Moderate to 
High 

Moderate 

Low 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Low Low .24 

Moderate Low to Moderate .63 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

20.0 (RT1) 
15.2 (RT1A) 

20.2 (RT2) 
15.2 (RT2A) 

15.8 

15.9 

2 . 0  



6 . 0  S U M M A R Y  O F  A L T E R N A T T V F S  

T h i s  s e c t i o n  p r e s e n t s  a  s u m m a r y  o f  t h e  d e t a i l e d  e v a l u a t i o n  o f  t h e  r e m e d i a l  

a l t e r n a t i v e s  i n  t e r m s  o f  c o s t s  ( c a p i t a l  c o s t s  a n d  p r e s e n t  w o r t h  o f  t o t a l  

c o s t s ) ,  a n d  v a r i o u s  e v a l u a t i o n  c r i t e r i a  i n c l u d i n g  p u b l i c  h e a l t h ,  

e n v i r o n m e n t a l ,  t e c h n i c a l ,  i n s t i t u t i o n a l  a n d  c o m m u n i t y  c o n c e r n s .  T h e  

a d v a n t a g e s  a n d  d i s a d v a n t a g e s  o f  e a c h  r e m e d i a l  a l t e r n a t i v e  r e l a t i v e  t o  t h e s e  

c r i t e r i a  a r e  d i s c u s s e d .  C o n s i d e r a t i o n s  a s s o c i a t e d  w i t h  c o m b i n i n g  t e c h n o l o g i e s  

a n d  o t h e r  f a c t o r s  t h a t  a f f e c t  i m p l e m e n t i n g  r e m e d i a l  a l t e r n a t i v e s  a t  t h i s  s i t e  

a r e  a l s o  d i s c u s s e d .  

6.1 SUMMARY OF REMEDIAL ALTERNATTVFS 

A  s u m m a r y  o f  t h e  a l t e r n a t i v e s  i s  p r e s e n t e d  i n  T a b l e  6 - 1 .  T h i s  t a b l e  

h i g h l i g h t s  t h e  k e y  p u b l i c  h e a l t h ,  e n v i r o n m e n t a l ,  t e c h n i c a l  a n d  

i n s t i t u t i o n a l  i s s u e s  f o r  e a c h  o f  t h e  f i n a l  a l t e r n a t i v e s .  

I n  t h e  f o l l o w i n g  s e c t i o n ,  t h e  a d v a n t a g e s  a n d  d i s a d v a n t a g e s  o f  t h e s e  

a l t e r n a t i v e s  a r e  l i s t e d .  D i s t i n c t  a n d  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

s i m i l a r  a l t e r n a t i v e s  a r e  h i g h l i g h t e d .  

6 . 1 . 1  A d v a n t a g e s / D i s a d v a n t a g e s  f o r  F i n a l  A l t e r n a t i v e s  

N o  A c t i o n  A l t e r n a t i v e  

T h i s  a l t e r n a t i v e  h a s  t h e  l o w e s t  t o t a l  p r e s e n t  w o r t h  c o s t  

( $ 2 3 8 , 0 0 0 )  o f  t h e  f i n a l  a l t e r n a t i v e s .  T h e r e  a r e  n o  l o n g - t e r m  

h e a l t h  r i s k s  r e s u l t i n g  f r o m  a i r b o r n e  e x p o s u r e  t o  c u r r e n t  

p o p u l a t i o n s  i n  t h e  a r e a s .  A s  s t a t e d  p r e v i o u s l y ,  s h o r t - t e r m  

a i r b o r n e  c o n t a m i n a n t  e x p o s u r e  c o u l d  n o t  b e  a s s e s s e d  i n  t h e  

E n d a n g e r m e n t  A s s e s s m e n t .  T h e r e  a p p e a r s  t o  b e  n o  t h r e a t  t o  

c u r r e n t l y  u s e d  d r i n k i n g  w a t e r  s u p p l i e s .  T h i s  a l t e r n a t i v e  r e l i e s  
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o n  i n s t i t u t i o n a l  c o n t r o l s  a n d  m o n i t o r i n g  f o r  f u t u r e  p u b l i c  h e a l t h  

a n d  e n v i r o n m e n t a l  p r o t e c t i o n .  T h e r e  a r e ,  h o w e v e r ,  s e v e r a l  

d i  s a d v a n t a g e s :  

.  C o n t i n u e d  s t a t e  o f  c o n t a m i n a t i o n  o f  s u r f a c e  a n d  s u b s u r f a c e  

s o i l  a n d  t h e r e f o r e  c o n t i n u e d  m i g r a t i o n  o f  c o n t a m i n a n t s  i n t o  

t h e  g r o u n d w a t e r .  

.  G r o u n d w a t e r  p l u m e  w i l l  c o n t i n u e  t o  e x p a n d ,  c a u s i n g  

e n v i r o n m e n t a l  d e g r a d a t i o n  o v e r  a  l a r g e r  p o r t i o n  o f  t h e  

a q u i f e r  s y s t e m  w i t h  t i m e .  

.  S u r f a c e  s o i l  e x p o s u r e  f o r  i n g e s t i o n  i s  u n a c c e p t a b l e  w i t h  

c h a n g e  i n  l a n d  u s e  t o  r e s i d e n t i a l  o r  r e c r e a t i o n a l .  

.  A l t h o u g h  a i r  q u a l i t y  s t a n d a r d s  a r e  m e t  f o r  c u r r e n t  u s e s ,  

a p p l i c a b l e  g r o u n d w a t e r  s t a n d a r d s  a r e  n o t  m e t .  T h e  p o t e n t i a l  

e x i s t s  f o r  s h o r t  t e r m  e x p o s u r e  o n - s i t e  t o  c o n t a m i n a n t s  i n  

c o n c e n t r a t i o n s  o v e r  a c c e p t a b l e  l e v e l s  b a s e d  o n  s t a n d a r d s  a n d  

a p p r o p r i a t e  r i s k  a s s e s s m e n t  c r i t e r i a .  

.  T h e  s i t e  a n d  s u r r o u n d i n g  a r e a  w i l l  r e q u i r e  i n s t i t u t i o n a l  

r e s t r i c t i o n  o n  a c c e s s ,  l a n d  u s e  a n d  n e w  w e l l  w a t e r  s u p p l y .  

.  P o s s i b l y  o n e  o f  t h e  l e a s t  a c c e p t a b l e  a l t e r n a t i v e s  t o  t h e  

p u b l i c  d u e  t o  r e s t r i c t i o n s  o n  f u t u r e  l a n d  u s e .  

S O  A l t e r n a t i v e  

T h i s  a l t e r n a t i v e  i n v o l v e s  s u r f a c e  s o i l  r e m o v a l  a n d  d i s p o s a l  i n  

a d d i t i o n  t o  b u i l d i n g  d e c o n t a m i n a t i o n .  T h i s  a l t e r n a t i v e ,  n e x t  t o  

N o  A c t i o n ,  h a s  t h e  l o w e s t  p r e s e n t  w o r t h  c o s t  ( $ 6 3 0 , 0 0 0 )  o f  t h e  

f i n a l  a l t e r n a t i v e s .  T h e  a d v a n t a g e s  o f  t h i s  a l t e r n a t i v e  i n c l u d e  

t h e  f o l l o w i n g :  
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.  C o m p l i e s  w i t h  c u r r e n t  a i r  q u a l i t y  s t a n d a r d s  a n d  e l i m i n a t e s  

t h e  p o t e n t i a l  f o r  s h o r t - t e r m  e x p o s u r e  o n - s i t e  t o  

c o n t a m i n a n t s  a t  c o n c e n t r a t i o n s  o v e r  t h o s e  p r e d i c t e d  i n  t h e  

E n d a n g e r m e n t  A s s e s s m e n t  o r  m e a s u r e d  d u r i n g  t h e  R I .  

. A d d r e s s e s  a n t i c i p a t e d  l a n d  u s e  n e e d s  ( r e s i d e n t i a l ,  

r e c r e a t i o n a l ,  p a r k i n g ,  c o m m e r c i a l ,  e t c . ) .  

.  L o w  c o s t .  

.  R e a d i l y  i m p l e m e n t e d .  

.  R e m e d i a l  a c t i o n s  c a n  b e  c o m p l e t e d  i n  s h o r t  p e r i o d  o f  t i m e .  

.  A d d r e s s e s  c u r r e n t l y  k n o w n  p u b l i c  c o n c e r n s  e x c e p t  

c o n t a m i n a t e d  g r o u n d w a t e r .  

.  P u b l i c  w a t e r  s u p p l y  n e e d s  f o r  t h e  e n t i r e  a r e a  a r e  a d e q u a t e  

a n d  c a n  b e  r e a d i l y  u p g r a d e d  f o r  c h a n g e d  u s e s  i n  t h e  a r e a .  

.  N o  c u r r e n t  o r  f u t u r e  t h r e a t  t o  e x i s t i n g  d r i n k i n g  w a t e r  

s u p p l i e s .  

T h e  d i s a d v a n t a g e s  o f  t h i s  a l t e r n a t i v e  i n c l u d e :  

.  G r o u n d w a t e r  c o n t a m i n a t i o n  n o t  a d d r e s s e d  a n d  t h e r e f o r e  

g r o u n d w a t e r  d r i n k i n g  a n d  a m b i e n t  w a t e r  q u a l i t y  s t a n d a r d s  a r e  

n o t  m e t .  

.  S u b s u r f a c e  s o i l  c o n t a m i n a n t s  r e m a i n  a n d  w i l l  c o n t i n u e  t o  

m i g r a t e  i n t o  t h e  g r o u n d w a t e r .  
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.  G r o u n d w a t e r  p l u m e  w i l l  c o n t i n u e  t o  e x p a n d ,  c a u s i n g  

e n v i r o n m e n t a l  d e g r a d a t i o n  o v e r  a  l a r g e r  p o r t i o n  o f  t h e  

a q u i f e r  s y s t e m  w i t h  t i m e .  

.  H e a v y  r e l i a n c e  o n  i n s t i t u t i o n a l  c o n t r o l s  f o r  f u t u r e  

p r o t e c t i o n  o f  p u b l i c  h e a l t h  ( r e s t r i c t i o n s  o n  l a n d  u s e  a n d  

w a t e r  s u p p l y ) .  

.  R e m e d i a l  a c t i o n  t e m p o r a r i l y  d i s r u p t s  c u r r e n t  s i t e  u s a g e .  

.  L a n d  d i s p o s a l  o f  c o n t a m i n a t e d  s u b s t a n c e s .  

S S  A l t e r n a t i v e  

T h i s  a l t e r n a t i v e  i n v o l v e s  s u r f a c e  a n d  s u b s u r f a c e  s o i l  r e m o v a l ,  

t r e a t m e n t  b y  s t a b i l i z a t i o n ,  a n d  r e p l a c e m e n t .  I t  a l s o  i n c l u d e s  

b u i l d i n g  r e m o v a l .  T h e  S S  a l t e r n a t i v e  h a s  a  p r e s e n t  w o r t h  c o s t  o f  

$ 2 , 0 0 0 , 0 0 0 .  T h e  a d v a n t a g e s  o f  t h e  S S  a l t e r n a t i v e  i n c l u d e :  

.  C o m p l i a n c e  w i t h  c u r r e n t  a i r  q u a l i t y  s t a n d a r d s  a n d  e l i m i n a t e s  

t h e  p o t e n t i a l  f o r  s h o r t - t e r m  e x p o s u r e  o n - s i t e  t o  

c o n t a m i n a n t s  a t  c o n c e n t r a t i o n s  o v e r  t h o s e  p r e d i c t e d  i n  t h e  

E n d a n g e r m e n t  A s s e s s m e n t  o r  m e a s u r e d  o n - s i t e .  

.  R e m e d i a l  a c t i o n s  c a n  b e  c o m p l e t e d  i n  r e a s o n a b l y  s h o r t  p e r i o d  

o f  t i m e .  

.  E l i m i n a t e s  s o i l  s o u r c e  f o r  c o n t i n u e d  c h r o m i u m  d e s o r p t i o n  t o  

g r o u n d w a t e r .  

.  A l l o w s  c e r t a i n  f u t u r e  l a n d  u s e s  w h i c h  d o  n o t  t h r e a t e n  

s t a b i l i z e d  s o i l  i n t e g r i t y .  
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.  A l l o w s  n a t u r a l  g r o u n d w a t e r  f l u s h i n g  o v e r  t i m e .  

.  P r o v i d e s  f o r  s o i l  t r e a t m e n t  r a t h e r  t h a n  d i s p o s a l .  

.  A l t h o u g h  g r o u n d w a t e r  i s  n o t  t r e a t e d ,  p u b l i c  w a t e r  s u p p l y  i s  

a d e q u a t e  w i t h  e x i s t i n g  s y s t e m ,  a n d  c a n  b e  u p g r a d e d  i f  

n e c e s s a r y .  

.  T h e  u n t r e a t e d  L e v e l  A  a n d  L e v e l  B  g r o u n d w a t e r  p l u m e s  a r e  n o t  

t h r e a t e n i n g  c u r r e n t  g r o u n d w a t e r  u s e r s  i n  t h e  a r e a .  

T h e  d i s a d v a n t a g e s  o f  t h e  S S  a l t e r n a t i v e  i n c l u d e :  

.  G r o u n d w a t e r  c o n t a m i n a t i o n  c o n t i n u e s  a t  c u r r e n t  l e v e l s  u n t i l  

n a t u r a l  f l u s h i n g  r e d u c e s  a n d  e v e n t u a l l y  e l i m i n a t e s  

c o n t a m i n a t i o n .  D r i n k i n g  w a t e r  s t a n d a r d s  a r e  e x c e e d e d  f o r  a  

v e r y  l o n g  p e r i o d  o f  t i m e .  

.  F o r  a  l i m i t e d  p e r i o d  o f  t i m e ,  t h e  g r o u n d w a t e r  p l u m e  m a y  

e x p a n d ,  a l t h o u g h  n a t u r a l  d i l u t i o n  s h o u l d  r e d u c e  c o n t a m i n a n t  

c o n c e n t r a t i o n s  o v e r  t i m e  s i n c e  t h e  s o i l  s o u r c e  i s  

c o n t r o l  l e d .  

.  R e l i a n c e  o n  i n s t i t u t i o n a l  c o n t r o l s  t o  p r e v e n t  f u t u r e  

c o n s u m p t i o n  w i t h d r a w a l s  w i t h i n  t h e  g r o u n d w a t e r  c o n t a m i n a n t  

p i u m e .  

.  R e m e d i a l  a c t i o n s  w i l l  l i k e l y  d i s r u p t  c u r r e n t  s i t e  u s e s  a n d  

r e s t r i c t  f u t u r e  s i t e  u s e s  w h i c h  t h r e a t e n  s t a b i l i z e d  s o i l  

i n t e g r i t y .  

6 - 5  



R T  1  a n d  R T  1 A  A l t e r n a t i v e s  

T h e  R T  1  a l t e r n a t i v e  i n v o l v e s  s u r f a c e  a n d  s u b s u r f a c e  s o i l  r e m o v a l ,  

t r e a t m e n t  b y  s o i l  w a s h i n g ,  a n d  r e p l a c e m e n t .  I n  a d d i t i o n ,  t h i s  

a l t e r n a t i v e  s p e c i f i e s  L e v e l  A  g r o u n d w a t e r  e x t r a c t i o n ,  t r e a t m e n t ,  

a n d  r e c h a r g e .  T h e  R T  1 A  a l t e r n a t i v e  i s  t h e  s a m e  a s  R T  1  e x c e p t  

t h a t  s o i l  i s  t r e a t e d  w i t h  a  s t a b i l i z a t i o n  s u b s t a n c e .  R T  1  a n d  R T  

1 A  p r e s e n t  w o r t h  c o s t s  a r e  $ 1 9 , 9 8 0 , 0 0 0  a n d  $ 1 5 , 2 0 0 , 0 0 0  

r e s p e c t i v e l y .  T h e  a d v a n t a g e s  o f  t h e  o p t i o n s  u n d e r  t h i s  

a l t e r n a t i v e  i n c l u d e :  

.  C o m p l i e s  w i t h  c u r r e n t  a i r  q u a l i t y  h e a l t h  s t a n d a r d s  a n d  

e l i m i n a t e s  t h e  p o t e n t i a l  f o r  s h o r t - t e r m  e x p o s u r e  o n - s i t e  t o  

c o n t a m i n a n t s  a t  c o n c e n t r a t i o n s  o v e r  t h o s e  p r e d i c t e d  i n  t h e  

E n d a n g e r m e n t  A s s e s s m e n t  o r  m e a s u r e d  d u r i n g  t h e  R I .  

.  C o m p l i e s  w i t h  c u r r e n t  p u b l i c  h e a l t h  s t a n d a r d s .  

.  U t i l i z e s  t r e a t m e n t  t e c h n o l o g i e s  w h i c h  a r e  f a v o r e d  u n d e r  

S A R A .  

.  A d d r e s s e s  a n t i c i p a t e d  l a n d  u s e  n e e d s  ( r e s i d e n t i a l ,  

r e c r e a t i o n a l ,  e t c . )  

P u b l i c  w a t e r  s u p p l y  a d e q u a t e .  

.  E l i m i n a t e s  c h r o m i u m  s o u r c e  f r o m  s u r f a c e  a n d  s u b s u r f a c e  

s o i l s ,  i n c l u d i n g  t h o s e  u n d e r  b u i l d i n g .  

.  R e m o v e s  s t r u c t u r e  c o n t a m i n a n t s .  

.  A d d r e s s e s  l o n g - t e r m  L e v e l  A  g r o u n d w a t e r  h e a l t h  e f f e c t s  

a s s o c i a t e d  w i t h  u s e  o f  L e v e l  A  a q u i f e r .  
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.  C o n t a i n s  L e v e l  A  g r o u n d w a t e r  c o n t a m i n a n t  p l u m e  i n  i n t e r i m  

a n d  m e e t s  M C L  o f  . 0 5  m g / 1  f o r  t o t a l  c h r o m i u m  i n  L e v e l  A  i n  

a p p r o x i m a t e l y  1 5  y e a r s .  

.  P e r m a n e n t  t r e a t m e n t  o f  s o i l s  a n d  L e v e l  A  g r o u n d w a t e r .  

T h e  d i s a d v a n t a g e s  o f  t h e s e  o p t i o n s  i n c l u d e :  

.  U n c e r t a i n t y  i n  p r e d i c t i n g  t h e  t i m e  n e e d e d  f o r  L e v e l  A  

g r o u n d w a t e r  r e m e d i a t i o n .  

.  P o t e n t i a l  f o r  a n  i n c r e a s e  o f  o r g a n i c s  m i g r a t i o n  i n  

g r o u n d w a t e r  d u e  t o  g r o u n d w a t e r  e x t r a c t i o n .  

.  R e m e d i a l  a c t i o n  r e n d e r s  s i t e  u n u s a b l e  f o r  d u r a t i o n  o f  

c l e a n u p .  

.  L e v e l  B  g r o u n d w a t e r  c o n t a m i n a t i o n  i s  u n t r e a t e d  a n d  w i l l  

r e q u i r e  l o n g - t e r m  n a t u r a l  f l u s h i n g  p r i o r  t o  m e e t i n g  M C L .  

.  R e l i a n c e  o n  i n s t i t u t i o n a l  c o n t r o l s  t o  r e s t r i c t  i n s t a l l a t i o n  

o f  w e l l s  w i t h i n  t h e  c o n t a m i n a t e d  g r o u n d w a t e r  p l u m e  d u r i n g  

L e v e l  A  a q u i f e r  r e m e d i a t i o n  ( a p p r o x i m a t e l y  1 5  y e a r s ) .  L o n g -

t e r m  i n s t i t u t i o n a l  c o n t r o l s  w i l l  b e  r e q u i r e d  t o  p r o h i b i t  

w e l l  i n s t a l l a t i o n  i n  t h e  L e v e l  B  a q u i f e r .  

.  D i s l o c a t i o n  o f  e x i s t i n g  b u s i n e s s .  

.  S o i l  e x c a v a t i o n ,  s t o r a g e  a n d  t r e a t m e n t  o n - s i t e  p r e s e n t  

s o u r c e  o f  s h o r t - t e r m  a i r b o r n e  a n d  s u r f a c e  w a t e r  

c o n t a m i n a t i o n  d u r i n g  c l e a n u p .  
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.  E f f e c t  o f  s o i l  t r e a t m e n t  t e c h n o l o g y  u n c e r t a i n  a n d  t h e r e f o r e  

i n c r e a s e s  u n c e r t a i n t y  r e g a r d i n g  t h e  d u r a t i o n  n e e d e d  f o r  

g r o u n d w a t e r  p l u m e  r e m e d i a t i o n .  

.  S o i l  t r e a t m e n t  p i l o t  s t u d y  n e c e s s a r y ,  f o r  e i t h e r  s o i l  

w a s h i n g  o r  s o i l  s t a b i l i z a t i o n .  

.  W a t e r  t r e a t m e n t  p r o c e s s  a l t e r s  w a t e r  c h e m i s t r y  a n d  m a y  c a u s e  

r e c h a r g e  w e l l  c l o g g i n g .  

.  O f f - s i t e  p r o p e r t y  e a s e m e n t s  o r  p u r c h a s e s  r e q u i r e d  f o r  

d i s t r i b u t i o n  p i p i n g ,  e x t r a c t i o n  a n d  r e c h a r g e  w e l l s .  

.  M a y  n e e d  a d d i t i o n a l  d i s c h a r g e  w e l l  l o c a t i o n s .  

R T  2  a n d  R T  2 A  A l t e r n a t i v e s  

T h e  R T  2  a l t e r n a t i v e  i n v o l v e s  c o n t a m i n a t e d  s u r f a c e  a n d  s u b s u r f a c e  

s o i l  r e m o v a l ,  t r e a t m e n t  b y  s o i l  w a s h i n g ,  a n d  r e p l a c e m e n t .  I n  

a d d i t i o n ,  t h i s  a l t e r n a t i v e  e n t a i l s  L e v e l  A  g r o u n d w a t e r  e x t r a c t i o n ,  

t r e a t m e n t ,  a n d  d i s p o s a l  t o  t h e  C o l u m b i a  R i v e r .  T h e  R T  2 A  

a l t e r n a t i v e  i s  t h e  s a m e  a s  R T  2  e x c e p t  t h a t  s o i l  i s  t r e a t e d  w i t h  a  

s t a b i l i z a t i o n  s u b s t a n c e .  T h e  p r e s e n t  w o r t h  c o s t s  o f  R T  2  a n d  R T  

2 A  a r e  $ 2 0 , 2 0 0 , 0 0 0  a n d  $ 1 5 , 2 0 0 , 0 0 0  r e s p e c t i v e l y .  T h e  a d v a n t a g e s  

o f  t h e  R T  2  a n d  R T  2 A  o p t i o n s  i n c l u d e :  

.  P e r m a n e n t  t r e a t m e n t  o f  t h e  s o i l s  a n d  L e v e l  A  G r o u n d w a t e r .  

.  C o m p l i a n c e  w i t h  c u r r e n t  a i r  q u a l i t y  s t a n d a r d s  a n d  e l i m i n a t e s  

t h e  p o t e n t i a l  f o r  s h o r t - t e r m  e x p o s u r e  o n - s i t e  t o  

c o n t a m i n a n t s  a t  c o n c e n t r a t i o n s  o v e r  t h o s e  p r e d i c t e d  i n  t h e  

E n d a n g e r m e n t  A s s e s s m e n t  o r  m e a s u r e d  d u r i n g  t h e  R I .  
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.  U t i l i z e s  t r e a t m e n t  t e c h n o l o g i e s  f a v o r e d  u n d e r  S A R A .  

.  A d d r e s s e s  a n t i c i p a t e d  l a n d  u s e  n e e d s  ( r e s i d e n t i a l ,  

r e c r e a t i o n a l ,  e t c . )  

.  P u b l i c  w a t e r  s u p p l y  a d e q u a t e .  

.  E l i m i n a t e s  c h r o m i u m  s o u r c e  f r o m  s u r f a c e  a n d  s u b s u r f a c e  

s o i l s ,  i n c l u d i n g  t h o s e  u n d e r  b u i l d i n g .  

.  R e m o v e s  s t r u c t u r e  c o n t a m i n a n t s .  

.  A d d r e s s e s  l o n g  t e r m  g r o u n d w a t e r  h e a l t h  e f f e c t s  a s s o c i a t e d  

w i t h  u s e  o f  t h e  L e v e l  A  a q u i f e r .  

.  C o n t a i n s  L e v e l  A  g r o u n d w a t e r  c o n t a m i n a n t  p l u m e  i n  i n t e r i m  

a n d  m e e t s  M C L  o f  . 0 5  m g / 1  f o r  t o t a l  c h r o m i u m  i n  

a p p r o x i m a t e l y  1 5  y e a r s .  

T h e  d i s a d v a n t a g e s  o f  t h i s  a l t e r n a t i v e  i n c l u d e :  

.  R T  2  h a s  t h e  h i g h e s t  c o s t  o f  f i n a l  c a n d i d a t e  r e m e d i a l  

a l t e r n a t i v e s .  

.  U n c e r t a i n t y  i n  p r e d i c t i n g  t i m e  n e e d e d  f o r  L e v e l  A  

g r o u n d w a t e r  r e m e d i a t i o n .  

.  P o t e n t i a l  i n c r e a s e  i n  o r g a n i c s  m i g r a t i o n  i n  t h e  g r o u n d w a t e r  

d u e  t o  g r o u n d w a t e r  e x t r a c t i o n .  

.  R e m e d i a l  a c t i o n  r e n d e r s  s i t e  u n u s a b l e  f o r  d u r a t i o n  o f  

c l e a n u p .  
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L e v e l  B  g r o u n d w a t e r  c o n t a m i n a t i o n  i s  u n t r e a t e d  a n d  w i l l  

r e q u i r e  l o n g - t e r m  n a t u r a l  f l u s h i n g  p r i o r  t o  m e e t i n g  M C L .  

R e l i a n c e  o n  i n s t i t u t i o n a l  c o n t r o l s  t o  r e s t r i c t  i n s t a l l a t i o n  

o f  w e l l s  w i t h i n  t h e  c o n t a m i n a t e d  g r o u n d w a t e r  p l u m e  d u r i n g  

L e v e l  A  a q u i f e r  r e m e d i a t i o n  ( a p p r o x i m a t e l y  1 5  y e a r s ) .  L o n g  

t e r m  i n s t i t u t i o n a l  c o n t r o l s  w i l l  b e  r e q u i r e d  t o  p r o h i b i t  

w e l l  i n s t a l l a t i o n  i n  t h e  L e v e l  B  a q u i f e r .  

D i s l o c a t i o n  o f  e x i s t i n g  b u s i n e s s .  

S o i l  e x c a v a t i o n ,  s t o r a g e  a n d  t r e a t m e n t  o n - s i t e  m a y  b e c o m e  

s o u r c e  o f  s h o r t - t e r m  a i r b o r n e  a n d  s u r f a c e  w a t e r  

c o n t a m i n a t i o n  d u r i n g  c l e a n u p .  

E f f e c t  o f  s o i l  t r e a t m e n t  t e c h n o l o g y  u n c e r t a i n  a n d  t h e r e f o r e  

i n c r e a s e s  u n c e r t a i n t y  r e g a r d i n g  t h e  d u r a t i o n  n e e d e d  f o r  

g r o u n d w a t e r  p l u m e  r e m e d i a t i o n .  

S o i l  t r e a t m e n t  p i l o t  s t u d y  n e c e s s a r y  f o r  e i t h e r  s o i l  w a s h i n g  

o r  s o i l  s t a b i l i z a t i o n .  

O u t f a l l  c o n s t r u c t i o n  a n d  i n s t a l l a t i o n  i n  r i v e r  c a u s e s  

t e m p o r a r y  w a t e r  q u a l i t y  d e g r a d a t i o n ;  d i s r u p t s  r e c r e a t i o n a l  

u s e ;  p r e s e n t s  n a v i g a t i o n a l  h a z a r d .  

P e r m i t s  a n d  e a s e m e n t s  r e q u i r e d  f o r  l o c a t i o n  a n d  c o n s t r u c t i o n  

o f  d i s c h a r g e  1 i n e .  

O f f - s i t e  p r o p e r t y  e a s e m e n t  o r  p u r c h a s e  r e q u i r e d  f o r  

d i s t r i b u t i o n  p i p i n g  a n d  e x t r a c t i o n  w e l l  i n s t a l l a t i o n .  

6 - 1 0  



.  S u r f a c e  w a t e r  d i s c h a r g e  r e q u i r e s  m e e t i n g  N P D E S  p e r m i t  

r e q u i  r e m e n t s .  

.  O u t f a l l  c o n s t r u c t i o n  m u s t  c o m p l y  w i t h  S h o r e l i n e s  M a n a g e m e n t  

A c t .  

R D  1  A l t e r n a t i v e  

T h e  R D  1  a l t e r n a t i v e  i n v o l v e s  e x c a v a t i o n  a n d  d i s p o s a l  o f  

c o n t a m i n a t e d  s u r f a c e  a n d  s u b s u r f a c e  s o i l s .  I n  a d d i t i o n ,  t h i s  

a l t e r n a t i v e  e n t a i l s  L e v e l  A  g r o u n d w a t e r  e x t r a c t i o n ,  t r e a t m e n t  a n d  

r e c h a r g e .  T h e  p r e s e n t  w o r t h  c o s t  o f  t h e  R D  1  a l t e r n a t i v e  i s  

$ 1 5 , 8 0 0 , 0 0 0 .  T h e  a d v a n t a g e s  o f  t h i s  a l t e r n a t i v e  i n c l u d e :  

.  C o m p l i e s  w i t h  c u r r e n t  a i r  q u a l i t y  s t a n d a r d s  a n d  e l i m i n a t e s  

t h e  p o t e n t i a l  f o r  s h o r t - t e r m  e x p o s u r e  o n - s i t e  t o  

c o n t a m i n a n t s  a t  c o n c e n t r a t i o n s  o v e r  t h o s e  p r e d i c t e d  i n  t h e  

E n d a n g e r m e n t  A s s e s s m e n t  o r  m e a s u r e d  d u r i n g  t h e  R I .  

.  A d d r e s s e s  a n t i c i p a t e d  l a n d  u s e  n e e d s  ( r e s i d e n t i a l ,  

r e c r e a t i o n a l ,  e t c . )  

.  P u b l i c  w a t e r  s u p p l y  a d e q u a t e .  

.  E l i m i n a t e s  c h r o m i u m  s o u r c e  f r o m  s u r f a c e  a n d  s u b s u r f a c e  

s o i l s ,  i n c l u d i n g  t h o s e  u n d e r  b u i l d i n g .  

.  R e m o v e s  s t r u c t u r e  c o n t a m i n a n t s .  

.  A d d r e s s e s  l o n g - t e r m  L e v e l  A  g r o u n d w a t e r  h e a l t h  e f f e c t s  

a s s o c i a t e d  w i t h  u s e  o f  L e v e l  A  a q u i f e r .  
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.  C o n t a i n s  L e v e l  A  g r o u n d w a t e r  c o n t a m i n a n t  p l u m e  i n  i n t e r i m  

a n d  m e e t s  M C L  o f  . 0 5  m g / 1  f o r  t o t a l  c h r o m i u m  i n  

a p p r o x i m a t e l y  1 5  y e a r s .  

.  S o i l s  c l e a n u p  d u r a t i o n  i s  l i k e l y  s h o r t e r  t h a n  f o r  s o i l s  

t r e a t m e n t  o p t i o n s .  

T h e  d i s a d v a n t a g e s  o f  t h i s  a l t e r n a t i v e  i n c l u d e :  

.  T h e  d i f f i c u l t y  i n  d e s i g n a t i n g  h a z a r d o u s  a n d  n o n h a z a r d o u s  

s o i l  t o  a l l o w  d i s p o s a l  i n  a n  a p p r o p r i a t e l y  p e r m i t t e d  

l a n d f i l l ,  e i t h e r  o n - s i t e  o r  o f f - s i t e .  

.  P o t e n t i a l  i n c r e a s e  i n  o r g a n i c s  m i g r a t i o n  i n  t h e  g r o u n d w a t e r  

d u e  t o  g r o u n d w a t e r  e x t r a c t i o n .  

.  U n c e r t a i n t y  i n  p r e d i c t i n g  t i m e  n e e d e d  f o r  L e v e l  A  

g r o u n d w a t e r  r e m e d i a t i o n .  

.  W a t e r  t r e a t m e n t  p r o c e s s  a l t e r s  w a t e r  c h e m i s t r y  a n d  m a y  c a u s e  

r e c h a r g e  w e l l  c l o g g i n g .  

.  L e v e l  B  g r o u n d w a t e r  c o n t a m i n a t i o n  i s  u n t r e a t e d  a n d  w i l l  

r e q u i r e  l o n g - t e r m  n a t u r a l  f l u s h i n g  p r i o r  t o  m e e t i n g  M C L .  

.  R e l i a n c e  o n  i n s t i t u t i o n a l  c o n t r o l s  t o  r e s t r i c t  i n s t a l l a t i o n  

o f  w e l l s  w i t h i n  t h e  c o n t a m i n a t e d  g r o u n d w a t e r  p l u m e  d u r i n g  

L e v e l  A  a q u i f e r  r e m e d i a t i o n  ( a p p r o x i m a t e l y  1 5  y e a r s ) .  L o n g  

t e r m  i n s t i t u t i o n a l  c o n t r o l s  w i l l  b e  r e q u i r e d  t o  p r o h i b i t  

w e l l  i n s t a l l a t i o n  i n  t h e  L e v e l  B  a q u i f e r .  

.  O f f - s i t e  p r o p e r t y  e a s e m e n t s  o r  p u r c h a s e s  r e q u i r e d  f o r  

d i s t r i b u t i o n  p i p i n g ,  e x t r a c t i o n  a n d  r e c h a r g e  w e l l s .  
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.  D i s l o c a t i o n  o f  e x i s t i n g  b u s i n e s s .  

.  L a n d  d i s p o s a l  o f  c o n t a m i n a t e d  s u b s t a n c e s  i s  r e l i e d  o n  f o r  

c l e a n u p .  

R D  2  A l t e r n a t i v e  

T h e  R D  2  a l t e r n a t i v e  i n v o l v e s  e x c a v a t i o n  a n d  d i s p o s a l  o f  

c o n t a m i n a t e d  s u r f a c e  a n d  s u b s u r f a c e  s o i l s .  I n  a d d i t i o n ,  t h i s  

a l t e r n a t i v e  e n t a i l s  L e v e l  A  g r o u n d w a t e r  e x t r a c t i o n ,  t r e a t m e n t  a n d  

d i s c h a r g e  t o  t h e  C o l u m b i a  R i v e r .  T h e  p r e s e n t  w o r t h  c o s t  o f  t h e  R D  

2  a l t e r n a t i v e  i s  $ 1 5 , 9 0 0 , 0 0 0 .  T h e  a d v a n t a g e s  o f  t h i s  a l t e r n a t i v e  

i n c l u d e :  

.  C o m p l i e s  w i t h  c u r r e n t  a i r  q u a l i t y  s t a n d a r d s  a n d  e l i m i n a t e s  

t h e  p o t e n t i a l  f o r  s h o r t - t e r m  o n - s i t e  e x p o s u r e  t o  

c o n t a m i n a n t s  a t  c o n c e n t r a t i o n s  o v e r  t h o s e  p r e d i c t e d  i n  t h e  

E n d a n g e r m e n t  A s s e s s m e n t  o r  m e a s u r e d  d u r i n g  t h e  R I .  

.  A d d r e s s e s  a n t i c i p a t e d  l a n d  u s e  n e e d s  ( r e s i d e n t i a l ,  

r e c r e a t i o n a l ,  e t c . )  

.  P u b l i c  w a t e r  s u p p l y  a d e q u a t e .  

.  E l i m i n a t e s  c h r o m i u m  s o u r c e  f r o m  s u r f a c e  a n d  s u b s u r f a c e  

s o i l s ,  i n c l u d i n g  t h o s e  u n d e r  b u i l d i n g .  

.  R e m o v e s  s t r u c t u r e  c o n t a m i n a n t s .  

.  A d d r e s s e s  l o n g - t e r m  g r o u n d w a t e r  h e a l t h  e f f e c t s  a s s o c i a t e d  

w i t h  t h e  u s e  o f  t h e  L e v e l  A  a q u i f e r .  
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.  C o n t a i n s  L e v e l  A  g r o u n d w a t e r  c o n t a m i n a t e d  p l u m e  i n  i n t e r i m  

a n d  m e e t s  M C L  o f  . 0 5  m g / 1  f o r  t o t a l  c h r o m i u m  i n  

a p p r o x i m a t e l y  1 5  y e a r s .  

T h e  d i s a d v a n t a g e s  o f  t h i s  a l t e r n a t i v e  i n c l u d e :  

.  T h e  d i f f i c u l t y  i n  d e s i g n a t i n g  h a z a r d o u s  a n d  n o n h a z a r d o u s  

s o i l  t o  a l l o w  d i s p o s a l  i n  a n  a p p r o p r i a t e l y  p e r m i t t e d  

l a n d f i l l ,  e i t h e r  o n - s i t e  o r  o f f - s i t e .  

.  P o t e n t i a l  i n c r e a s e  i n  o r g a n i c s  m i g r a t i o n  i n  t h e  g r o u n d w a t e r  

d u e  t o  g r o u n d w a t e r  e x t r a c t i o n .  

.  U n c e r t a i n t y  i n  p r e d i c t i n g  t i m e  n e e d e d  f o r  L e v e l  A  

g r o u n d w a t e r  r e m e d i a t i o n .  

.  L e v e l  B  g r o u n d w a t e r  c o n t a m i n a t i o n  i s  u n t r e a t e d  a n d  w i l l  

r e q u i r e  l o n g - t e r m  n a t u r a l  f l u s h i n g  p r i o r  t o  m e e t i n g  t h e  M C L .  

.  R e l i a n c e  o n  i n s t i t u t i o n a l  c o n t r o l s  t o  r e s t r i c t  i n s t a l l a t i o n  

o f  w e l l s  w i t h i n  t h e  c o n t a m i n a t e d  g r o u n d w a t e r  p l u m e  d u r i n g  

L e v e l  A  a q u i f e r  r e m e d i a t i o n  ( a p p r o x i m a t e l y  1 5  y e a r s ) .  L o n g -

t e r m  i n s t i t u t i o n a l  c o n t r o l s  w i l l  b e  r e q u i r e d  t o  p r o h i b i t  

w e l l  i n s t a l l a t i o n  i n  t h e  L e v e l  B  a q u i f e r .  

.  O u t f a l l  c o n s t r u c t i o n  a n d  i n s t a l l a t i o n  i n  r i v e r  c a u s e s  

t e m p o r a r y  w a t e r  q u a l i t y  d e g r a d a t i o n ;  r e c r e a t i o n a l  

d i s r u p t i o n ;  p r e s e n t s  n a v i g a t i o n a l  h a z a r d s .  

.  P e r m i t s  a n d  e a s e m e n t  r e q u i r e d  f o r  l o c a t i o n  a n d  c o n s t r u c t i o n  

o f  d i s c h a r g e  1 i n e .  
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O f f - s i t e  p r o p e r t y  e a s e m e n t  o r  p u r c h a s e  r e q u i r e d  f o r  

d i s t r i b u t i o n  p i p i n g  a n d  e x t r a c t i o n  w e l l  i n s t a l l a t i o n s .  

.  S u r f a c e  w a t e r  d i s c h a r g e  r e q u i r e s  m e e t i n g  N P D E S  p e r m i t  

r e q u i r e m e n t s .  

.  O u t f a l l  c o n s t r u c t i o n  m u s t  c o m p l y  w i t h  S h o r e l i n e s  M a n a g e m e n t  

A c t .  

.  L a n d  d i s p o s a l  i s  r e l i e d  o n  f o r  c l e a n u p  o f  s i t e  c o n t a m i n a n t s .  

.  D i s l o c a t i o n  o f  e x i s t i n g  b u s i n e s s .  

6 . 1 . 2  S e l e c t i o n  o f  R e c o m m e n d e d  A l t e r n a t i v e s  

T h e  s e l e c t i o n  o f  r e c o m m e n d e d  a l t e r n a t i v e s  i s  i n t e n d e d  t o  a s s i s t  

W D O E  a n d  E P A  i n  c h o o s i n g  a  c o s t  e f f e c t i v e  r e m e d i a l  a l t e r n a t i v e  

t h a t  e f f e c t i v e l y  m i t i g a t e s  a n d  m i n i m i z e s  t h r e a t s  t o  a n d  p r o v i d e s  

a d e q u a t e  p r o t e c t i o n  o f  p u b l i c  h e a l t h ,  w e l f a r e  a n d  t h e  e n v i r o n m e n t .  

T h e  r e m e d i a t i o n  o b j e c t i v e s  d i s c u s s e d  i n  S e c t i o n  1  o f  t h e  

F e a s i b i l i t y  S t u d y  a r e  r e p e a t e d  b e l o w  f o r  r e f e r e n c e .  

R E M E D I A T I O N  O B J E C T I V E S  

F R O N T I E R  H A R D  C H R O M E  S I T E  

1 .  T o  p r o t e c t  t h e  p u b l i c  f r o m  u n a c c e p t a b l e  l e v e l s  o f  

c o n t a m i n a n t s  i n  f u g i t i v e  d u s t  a n d  o n - s i t e  s o i l s .  

2 .  T o  p r o t e c t  t h e  p u b l i c  f r o m  e x p o s u r e  t o  u n a c c e p t a b l e  l e v e l s  

o f  i n o r g a n i c  c o n t a m i n a n t s  ( c h r o m i u m ,  l e a d ,  n i c k e l )  i n  

c u r r e n t  a n d  p o t e n t i a l  p u b l i c  a n d  i n d u s t r i a l  w a t e r  s u p p l i e s .  
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3 .  T o  p r o t e c t  t h e  p u b l i c  f r o m  u n a c c e p t a b l e  l e v e l s  o f  F H C  

c o n t a m i n a n t s  i n  s u r f a c e  w a t e r s  o n  t h e  s i t e  a n d  i n  t h e  

C o l u m b i a  R i v e r .  

4 .  T o  p r o t e c t  t h e  p u b l i c  f r o m  u n a c c e p t a b l e  c o n c e n t r a t i o n s  o f  

F H C  c o n t a m i n a n t s  i n  v e g e t a t i o n  ( i . e . ,  b l a c k b e r r i e s )  

o r i g i n a t i n g  f r o m  t h e  s i t e .  

5 .  T o  p r e v e n t  i n c r e a s e s  i n  r i s k  f r o m  o r g a n i c  c o n t a m i n a n t s  d u e  

t o  a c t i o n s  t o  r e m e d i a t e  r i s k s  a n d  e f f e c t s  f r o m  t h e  i n o r g a n i c  

c o n t a m i n a n t s  f r o m  t h e  F H C  s i t e .  

6 .  P r e v e n t  t h e  f u r t h e r  e x p a n s i o n  o f  t h e  l e a c h a t e  p l u m e  i n  b o t h  

t h e  v a d o s e  a n d  s a t u r a t e d  z o n e s .  

B a s e d  o n  t h e s e  o b j e c t i v e s ,  a n d  i n  l i g h t  o f  t h e  a d v a n t a g e s  a n d  

d i s a d v a n t a g e s  o f  e a c h  a l t e r n a t i v e ,  t w o  a l t e r n a t i v e s  a r e  

r e c o m m e n d e d  f o r  r e m e d i a t i o n  o f  t h e  F H C  s i t e .  T h e s e  a l t e r n a t i v e s  

a r e  t h e  S S  a l t e r n a t i v e  a n d  t h e  R T  1 A  a l t e r n a t i v e .  O f  t h e s e  

a l t e r n a t i v e s ,  R T  1 A  p r o v i d e s  a  h i g h e r  l e v e l  o f  l o n g - t e r m  p u b l i c  

h e a l t h  a n d  e n v i r o n m e n t a l  p r o t e c t i o n  d u e  t o  t h e  t r e a t m e n t  o f  L e v e l  

A  g r o u n d w a t e r  t o  a n  M C L  o f  . 0 5  m g / 1  f o r  c h r o m i u m .  S i n c e  t h e  L e v e l  

A  a q u i f e r  z o n e  i s  t h e  s h a l l o w e s t  g r o u n d w a t e r  o n - s i t e ,  i t  i s  

c o n s i d e r e d  t o  b e  t h e  m o s t  l i k e l y  s o u r c e  f o r  u n r e s t r i c t e d  

g r o u n d w a t e r  d e v e l o p m e n t  a n d  c o n s u m p t i o n  i n  t h e  p l u m e  a r e a .  

A l t h o u g h  L e v e l  B  g r o u n d w a t e r  i s  n o t  t r e a t e d ,  t h e  c h r o m i u m  s o u r c e  

c o n t r o l  w h i c h  a c c o m p a n i e s  R T  1 A  w i l l  a l l o w  t h e  L e v e l  B  z o n e  t o  

n a t u r a l l y  f l u s h  o v e r  a n  e x t e n d e d  p e r i o d .  I n s t i t u t i o n a l  c o n t r o l s  

w i l l  b e  r e q u i r e d  t o  p r o h i b i t  w e l l  i n s t a l l a t i o n  w i t h i n  t h e  

c o n t a m i n a t e d  g r o u n d w a t e r  p l u m e  d u r i n g  L e v e l  A  a q u i f e r  r e m e d i a t i o n  

( a p p r o x i m a t e l y  1 5  y e a r s ) .  L o n g - t e r m  i n s t i t u t i o n a l  c o n t r o l s  w i l l  

b e  r e q u i r e d  t o  p r o h i b i t  w e l l  i n s t a l l a t i o n  i n  t h e  L e v e l  B  a q u i f e r .  

6-16 



TABIC 6 1 
SUMMARY OF DCTAIICO EVALUATION Of REMEDIAL ALTERNATIVES 

ALTERNATIVE 
COST (SI.OOO) 

CAPITAL TOTAL LCC 
( 1 )  PUBLIC HEALTH 

REQUIREMENTS 
ENVIRONMENTAL 

IMPACTS 
TECHNICAL 

FEASIBILITY 
INSTITUTIONAL 
REQUIREMENTS OTHER 

NA No Action 30.7 238.7 

SO Surface Soi l  Remove 
and Dispose 

Structure Cleaning 

418.• 

RT1 Surface and Sub-
I  surface Soi l  R/T/R 

RTIA Demolish Structure 
G.W. R/T/R 

13.734.5 

(RTIA Costs) 

RT2 Surface and Sub-
I  surface Soi l  R/T/R 

RT2A Demolish Structure 
G.W. R/T/0 

10,828.5 

13.924.4 

(RT2A Costs) 11.018 3 IS.160 3 

Surface and Sub
surface Soi l  R&D 

Demolish Structure 
G.W. R/T/R 

11.584.1 15.820.8 

RD2 Surface and Sub
surface Soi l  R/D 

Demolish Structure 
G.W. -  R/T/D 

11,650.3 15.886.3 

SS Surface and Sub
surface Soi l  

Chromium Source 

Stabi l izat ion 
Structure Demoli t ion 

1.603.9 2.031.9 

Unacceptable exposure 
to surface soi l  
contamination under 
changed use 
(Recreational/Residential) 

630 .8  Subsurface sol i  and 
groundwater plume remain 

Inst i tut ional controls 
indefini te. 

Complies with P.H. 
object ives 

19,982.5 

15.224.3 

20.172.4 

Groundwater plume control led 
Compiles with P.H. 

object ives 
Addresses future land use 

requirements 
Groundwater ARARs not met in 

level 8 in long term 

.  Groundwater plume control led 
.  Compiles with P.H. 

object ives 
.  Addresses future land use 

requirements 
.  Groundwater ARARs not met in 

level B In long term 

.  Chromium source stabi l ized 

.  Airborne pathway el iminated 

.  Inst i tut ional controls on 

groundwater use required 
unti l  natural f lushing 

Continued contamination of 
al l  soi ls and migrat ion 
of ground mater plume for 
long period of t ime 
(• 100 years). 

Subsoi l  source st i l l  
remains 

Groundwater plume wi l l  
remain and mlorate for 
long period of t ime 
(•100 years). 

.  Groundwater plume control led 

.  Complies with P.H. 
object ives 

.  Addresses future land use 
requirements 

.  Groundwater ARARs not met 
in Level 8 in long term 

Groundwater plume con
trol led 

.  Groundwater plume control led 

.  Complies with P.H. 
object ives 

.  Addresses future land use 
requirements 

.  Groundwater ARARs not met in 

Level 8 in long term 

Groundwater plume con-
trul led 

Groundwater plume con
trol led 

Groundwater plume con
trol led 

Chromium soi l  source 
el iminated 

Groundwater plume remains 
unt i l  actual f lushing 

Soi l  stabi l ized rather 
than disposed 

Clay soi l  treatment 
technology improven 

Potential  pluaging of 
recharge wells 

Water qual i ty control for 
recharge. 

Pi lot plant needed. 

Clay soi l  treatment 
technology Improven 

Pi lot plant needed. 

long-term maintenance of 
on-site landfi l l .  

Water qual i ty control for 
recharoe. 

Potential  plugging of 
recharge wells 

long-term maintenance of 
on si te landfi l l  

Stabi l izat ion unproven 
technology; ground and 
pi lot test ing required 

Air qual i ty standards met 
Groundwater dr inking and 

ambient standards not met; 
however, no threat to exist ing 
or future drinking water 
suppl les 

Heavy rel iance for future 
protect ion of publ ic health 

Readily implemented 
Remedial act ions complete 

In 3 months 
Remedial act ion tempo

rari ly disrupts exist ing 
site use 

Air qual i ty standards met 
Groundwater standards not met 
Addresses surface soi l  and 

surface water contaminants 
Restr ict ion on land use and 

water supply 
Heavy rel iance for future 

protect ion of publ ic health 

Air qual i ty standards met 
Groundwater ARARs not met 

in short term in level A 
Addresses surface soi l  and 

surface water 
Restr ict ion on water supply 
long term Inst i tut ional controls 

Air qual i ty standards met 
Groundwater ARARs not met 

in short term in level A 
Addresses surface soi l  and 

surface water 
Restr ict ion on water supply 

Compliance with Shorel ine 
Management Act 

Long term inst i tut ional 
controls required 

Air qual i ty standards met 
Groundwater ARARs not met 

in short term In Level A 
Addresses surface soi l  and 

surface water contaminants 
Restr ict ion on land use 
Restr ict ion on water supply 
Long term inst i tut ional 

controls required 

Air qual i ty standards met 
Groundwater ARARs not met 

in short term in Level A 
Addresses surface soi l  and 

surface water contaminants 
Restr ict ion on land use 
Restr ict ion on water supply 
Compliance with Shorel ine 

Management Act 
Long term inst i tut ional 

controls required 

Air qual i ty standards met 
Groundwater standards not met 
Soi l  contamination control led 

Restr ict ion on land use 
long term inst i tut ional 

controls required 

Off-si te property easements/ 
purchases needed for recharge 
wells 

Dislocation of exist ing 
business 

Easements needed for location and 
construct ion of discharge l ines 

Dislocation of exist ing 
business 

Off-si te property easements/ 
purchases needed for recharge 
wells 

Dislocation of exist ing 
business 

Easements needed for location 
and construct ion of discharge 
1 ine 

Dislocation of exist ing 
business 

Dislocation of exist ing 
business 

( I)  ICC - Li fe Cycle Cost or present worth of capital,  operation and maintenance costs 



T h e  R T  1 A  s o u r c e  c o n t r o l  o c c u r s  t h r o u g h  i m m o b i l i z a t i o n  o f  t h e  

c h r o m i u m  b y  a p p l i c a t i o n  o f  a  s o i l  s t a b i l i z i n g  m e d i u m .  A l t h o u g h  

t h i s  t r e a t m e n t  m u s t  n o w  b e  c o n s i d e r e d  u n p r o v e n ,  b e n c h  s c a l e  t e s t  

r e s u l t s  i n  t e s t i n g  a t  t h e  U n i t e d  C h r o m e  s i t e  i n  O r e g o n  s h o w  s o m e  

p r o m i s e  f o r  t h e  e f f e c t i v e n e s s  o f  t h e  t e c h n i q u e  i n  l i m i t i n g  

c h r o m i u m  d e s o r p t i o n .  I f  b e n c h  a n d  p i l o t - s c a l e  t e s t i n g  a t  F r o n t i e r  

H a r d  C h r o m e  p r o v e  t h e  f e a s i b i l i t y  o f  t h i s  t e c h n i q u e ,  t h e  

a d v a n t a g e s  o v e r  c o n t a m i n a n t  l a n d f i l l  d i s p o s a l  a r e  s i g n i f i c a n t .  

S o i l  w a s h i n g ,  a s  p r o p o s e d  i n  R T  1 ,  m a y  a l s o  b e  f e a s i b l e ,  a n d  

c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  b e n c h  a n d  p i l o t  s c a l e  t e s t i n g  o f  

t h i s  t e c h n i q u e .  

A l t e r n a t i v e  S S  s h o u l d  a l s o  b e  c o n s i d e r e d  b a s e d  o n  i t s  m u c h  l o w e r  

c o s t  r e l a t i v e  t o  R T  1 A  c o m p a r e d  t o  a  s i m i l a r  l e v e l  o f  p u b l i c  

h e a l t h  p r o t e c t i o n .  T h i s  a l t e r n a t i v e  a l s o  i n c l u d e s  s o u r c e  c o n t r o l  

t h r o u g h  c o n t a m i n a t e d  s o i l  s t a b i l i z a t i o n ,  a n d  d o e s  n o t  r e l y  o n  

l a n d f i l l  d i s p o s a l .  A s  w i t h  R T  1 A ,  i t  c o n t r o l s  a n y  p o t e n t i a l  

s h o r t - t e r m  a i r b o r n e  e x p o s u r e  r i s k s  t h r o u g h  s u r f i c i a l  s o i l  

s t a b i l i z a t i o n ,  a n d  e l i m i n a t e s  t h e  e x i s t i n g  s t r u c t u r e  a s  a  s o u r c e  

o f  c o n t a m i n a n t  c o n c e r n .  W h a t  a l t e r n a t i v e  S S  d o e s  n o t  a c h i e v e  i s  

l o n g - t e r m  r e m e d i a t i o n  o f  s h a l l o w  g r o u n d w a t e r  c o n t a m i n a t i o n .  I n  

t h i s  a l t e r n a t i v e ,  b o t h  L e v e l  A  a n d  L e v e l  B  g r o u n d w a t e r  i s  a l l o w e d  

t o  f l u s h  n a t u r a l l y  o v e r  a n  e x t e n d e d  p e r i o d .  D u r i n g  t h i s  p e r i o d ,  

i n s t i t u t i o n a l  c o n t r o l  p r o v i d e s  t h e  o n l y  s a f e g u a r d  a g a i n s t  

c o n s u m p t i v e  u s e  o f  s h a l l o w  c o n t a m i n a t e d  g r o u n d w a t e r .  A t  t h i s  

t i m e ,  h o w e v e r ,  t h e r e  a r e  n o  u s e r s  o f  t h e  s h a l l o w  g r o u n d w a t e r  

r e s o u r c e  w i t h i n  t h e  a r e a  e n c o m p a s s i n g  t h e  e x i s t i n g  a n d  p r e d i c t e d  

g r o u n d w a t e r  p l u m e .  T h e  a r e a  e n c o m p a s s i n g  t h e  p l u m e  i s  u s e d  f o r  

i n d u s t r i a l  p u r p o s e s .  I n s t a l l a t i o n  o f  p r i v a t e  s h a l l o w  w e l l s  i n  

t h i s  a r e a  i s  u n l i k e l y .  B a s e d  o n  m o d e l i n g  o f  g r o u n d w a t e r  

c o n t a m i n a n t s  w h i c h  w a s  c o n d u c t e d  a s  p a r t  o f  t h e  F S ,  i t  i s  u n l i k e l y  
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t h a t  t h e  d i s c h a r g e  o f  c o n t a m i n a t e d  g r o u n d w a t e r  t o  t h e  C o l u m b i a  

R i v e r  w i l l  r e s u l t  i n  c o n t a m i n a n t  c o n c e n t r a t i o n s  e x c e e d i n g  t h e  

c h r o n i c  f r e s h w a t e r  a m b i e n t  w a t e r  q u a l i t y  c r i t e r i a  i n  t h e  r i v e r .  

T h e  c o s t  d i f f e r e n t i a l  b e t w e e n  t h e s e  t w o  a l t e r n a t i v e s  i s  

s i g n i f i c a n t .  T h e  l e v e l  o f  p u b l i c  h e a l t h  a n d  e n v i r o n m e n t a l  

s a f e g u a r d  a p p r o p r i a t e  f o r  t h i s  s i t e  i s  a  m a t t e r  o f  p u b l i c  p o l i c y .  

T h e  p r o j e c t  t e a m  t h e r e f o r e  p r o v i d e s  t h e s e  r e c o m m e n d e d  a l t e r n a t i v e s  

w i t h  t h e  k n o w l e d g e  t h a t  W D O E ,  E P A  R e g i o n  X ,  a n d  t h e  a f f e c t e d  

p u b l i c  w i l l  s e l e c t  t h e  l e v e l  o f  p r o t e c t i o n  w h i c h  i s  a p p r o p r i a t e  

f o r  t h e  r e q u i r e d  l e v e l  o f  c a p i t a l  i n v e s t m e n t .  

C O N S I D E R A T I O N S  I N  I M P L E M E N T I N G  R E M E D I A I  A L T E R N A T I V E S  

6 . 2 . 1  D e s i g n  o f  F a c i l i t i e s  

I n  o r d e r  t o  p r o c e e d  w i t h  f i n a l  d e s i g n  o f  f a c i l i t i e s  a d d i t i o n a l  

d a t a  f r o m  t h e  s i t e  w i l l  b e  r e q u i r e d .  B e t t e r  d e l i n e a t i o n  o f  t h e  

e x t e n t  o f  o r g a n i c  c o n t a m i n a t i o n  i s  n e e d e d  t o  a s s e s s  t h e  t o t a l  

q u a n t i t y  o n  t h e  s i t e  ( a n d  a d j a c e n t  t o  t h e  s i t e )  a n d  b e t t e r  p r e d i c t  

i t s  c o n c e n t r a t i o n  f o r  g r o u n d w a t e r  w i t h d r a w a l  a n d  t r e a t m e n t .  

A d d i t i o n a l  h y d r o l o g i c  m o d e l  w o r k  i s  n e e d e d  t o  a s s i s t  i n  l o c a t i o n  

o f  g r o u n d w a t e r  e x t r a c t i o n  a n d  r e c h a r g e  w e l l s  a n d  d e s i g n  f l o w  r a t e s  

f o r  e a c h .  P i l o t  t r e a t m e n t  s t u d i e s  o f  t h e  s o i l  t r e a t m e n t  p r o c e s s  

s h o u l d  b e  p e r f o r m e d  p r i o r  t o  d e s i g n  o f  s o i l  t r e a t m e n t  f a c i l i t i e s .  

6 . 2 . 2  S o i l  T r e a t m e n t  

A d d i t i o n a l  d a t a  i s  n e e d e d  o n  t h e  c h a r a c t e r i s t i c s  o f  t h e  s u b s u r f a c e  

c l a y e y  s o i l s  i f  s o i l  w a s h i n g  o r  l e a c h i n g  i s  s e l e c t e d  ( R T  1 ) .  

D a t a  r e q u i r e d  i n c l u d e s  c l a y  s u s p e n s i o n  b e h a v i o r ,  b u f f e r i n g  

c a p a c i t y ,  c h r o m i u m  o x i d a t i o n / r e l e a s e  b e h a v i o r  a n d  s o r p t i o n  

r e l a t i o n s h i p s  w i t h  h e x a v a l e n t  c h r o m i u m  ( a n i o n i c )  s p e c i e s .  C l a y  i s  

v e r y  d i f f i c u l t  t o  b r e a k  d o w n  a n d  l i q u e f y  a s  r e q u i r e d  f o r  l e a c h  
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t r e a t m e n t .  R e m o v a l  o f  c h r o m i u m  r e l i e s  o n  m o b i l i z a t i o n  a n d  

s o l u b i l i z a t i o n  o f  t h e  h e x a v a l e n t  i o n  w h i c h  a l s o  m o b i l i z e s  t h e  c l a y  

p a r t i c u l a t e s .  S e p a r a t i o n  o f  t h e  c l a y  p a r t i c l e s  f r o m  t h e  c h r o m i u m  

c o n t a m i n a t e d  w a t e r  p h a s e  i s  n o t  a  p r o v e n  t e c h n o l o g y .  

C o n s e q u e n t l y ,  t r e a t i n g  c o n s o l i d a t e d  c l a y s  s u c h  a s  t h e  c l a y e y - s i l t  

l e n s  f o u n d  o n  t h e  F H C  s i t e  r e q u i r e s  f u r t h e r  s t u d y .  

A  t r e a t a b i l i t y  s t u d y ,  b o t h  b e n c h  a n d  p i l o t  s c a l e ,  i s  a l s o  r e q u i r e d  

f o r  c h r o m i u m  i m m o b i l i z a t i o n  t h r o u g h  s o i l  s t a b i l i z a t i o n .  O n g o i n g  

w o r k  a t  U n i t e d  C h r o m e  s h o u l d  b e  r e v i e w e d ,  a n d  s t u d i e s  o n  F H C  s o i l s  

i n s t i g a t e d  t o  a s s e s s  s t a b i l i z e d  a g g r e g a t e  l e a c h a b i l i t y  u n d e r  

v a r y i n g  t r e a t m e n t  s c e n a r i o s .  

6 . 2 . 3  D i s p o s a l  o f  W a s t e  M a t e r i a l  

A l t h o u g h  a l t e r n a t i v e s  w h i c h  i n c l u d e  c o n t a m i n a t e d  s o i l  l a n d f i l l i n g  

a r e  n o t  c u r r e n t l y  r e c o m m e n d e d ,  m u c h  o f  t h e  w a s t e  m a t e r i a l  f r o m  t h e  

F H C  s i t e  r e m e d i a l  a c t i o n s  m a y  n o t  b e  d e f i n e d  a s  a  h a z a r d o u s  w a s t e  

p e r  1 7 3 - 3 0 3  W A C .  I n  t h i s  c a s e ,  t h e  w a s t e  m a y  b e  d i s p o s e d  i n  a  

W a s h i n g t o n  S t a t e  l a n d f i l l  o p e r a t i n g  i n  c o m p l i a n c e  w i t h  W A C  1 7 3 -

3 0 4 .  

G u i d a n c e  a n d  p o l i c y  s t a t e m e n t s  f r o m  t h e  U S E P A  g e n e r a l l y  r e q u i r e  

t h a t  a n y  h a z a r d o u s  w a s t e  g e n e r a t e d  f r o m  a  C E R C L A  r e m e d i a l  a c t i o n  

b e  d i s p o s e d  i n  a c c o r d a n c e  w i t h  e x i s t i n g  R C R A  r e g u l a t i o n s .  T h e  

d e f i n i t i o n  o f  d a n g e r o u s  a n d  e x t r e m e l y  h a z a r d o u s  w a s t e s  a r e  

c o n t a i n e d  i n  C h a p t e r  1 7 3 - 3 0 3  W A C ,  u n d e r  w h i c h  R C R A  i s  a d m i n i s t e r e d  

i n  W a s h i n g t o n  S t a t e  b y  W D O E .  T h e  E P  t o x i c i t y  t e s t  i s  o n e  m e t h o d  

f o r  w a s t e  d e s i g n a t i o n  u n d e r  C h a p t e r  1 7 3 - 3 0 3  W A C .  

B a s e d  o n  t h e  l i m i t e d  n u m b e r  o f  E P  t o x i c i t y  t e s t s  c o n d u c t e d  o n  t h e  

F H C  s i t e ,  i t  a p p e a r s  t h a t  m u c h  o f  t h e  c o n t a m i n a t e d  s o i l  p a s s e s  t h e  

E P  t o x i c i t y  t e s t  f o r  c h r o m i u m .  T h i s  i s  n o t  u n e x p e c t e d  b e c a u s e  t h e  

t r i v a l e n t  c h r o m i u m  r e p r e s e n t s  m o s t  o f  t h e  c h r o m i u m  i n  t h e  s o i l  a n d  

6 - 1 9  



i t  d o e s  n o t  r e a d i l y  l e a c h  i n  a n  e x t r a c t i o n  t e s t .  T h e  s o i l s  w e r e  

n o t  t e s t e d  b y  t h e  a q u a t i c  t o x i c i t y  t e s t  p r o c e d u r e s .  T h e r e f o r e  i t  

i s  u n c e r t a i n  w h e t h e r  t h e s e  s o i l s  w i l l  b e  c l a s s i f i e d  a s  a  d a n g e r o u s  

w a s t e .  I f  t h e  s o i l  s u b s t a n c e  i s  n o t  d e s i g n a t e d  a s  d a n g e r o u s  

w a s t e / e x t r e m e l y  h a z a r d o u s  w a s t e ,  t h e  m a t e r i a l  w i l l  b e  d i s p o s e d  o f  

i n  a  l a n d f i l l  m e e t i n g  t h e  S t a t e  r e q u i r e m e n t s  o f  C h a p t e r  1 7 3 - 3 0 4  

W A C  ( m i n i m u m  f u n c t i o n a l  s t a n d a r d s ) .  T h e s e  s t a n d a r d s  a p p l y  t o  a l l  

l a n d f i l l s  i n  t h e  S t a t e  b y  1 9 8 9 .  H o w e v e r ,  n o  l a n d f i l l s  m e e t i n g  

t h e s e  s t a n d a r d s  a r e  c u r r e n t l y  a v a i l a b l e  i n  s o u t h w e s t  W a s h i n g t o n .  

D u r i n g  t h e  d e s i g n  p h a s e  f u r t h e r  i n v e s t i g a t i o n  i n t o  t h e  w a s t e  

c l a s s i f i c a t i o n  o f  t h e  s o i l s  s h o u l d  b e  c o n d u c t e d .  I f  l a r g e  

q u a n t i t i e s  a p p e a r  t o  p a s s  t h e  r e l e v a n t  t e s t s ,  f u r t h e r  r e s e a r c h  

i n t o  t h e  t i m i n g  o f  c o n s t r u c t i o n  o f  n e a r b y  l a n d f i l l s  w h i c h  m e e t  

1 7 3 - 3 0 4  W A C  r e q u i r e m e n t s  s h o u l d  b e  u n d e r t a k e n .  T h e r e  w i l l  

p o s s i b l y  b e  c o n s i d e r a b l e  c o s t  s a v i n g s  c o m p a r e d  t o  d i s p o s a l  a t  t h e  

A r l i n g t o n ,  O r e g o n  R C R A  f a c i l i t y  o f  C h e m  S e c u r i t i e s  o r  i n  a n  o n -

s i t e  l a n d f i l l ,  s h o u l d  a n y  c o n t a m i n a n t  d i s p o s a l  u l t i m a t e l y  b e  

i n c l u d e d  i n  t h e  r e m e d i a l  a c t i o n  p l a n .  

6 . 2 . 4  T r e a t e d  W a t e r  D i s c h a r g e  R e c e i v i n g  W a t e r  

T r e a t e d  w a t e r  w i l l  m e e t  c h r o m i u m  l i m i t s  f o r  b o t h  r e c e i v i n g  w a t e r  

s t a n d a r d s  a n d  f o r  P O T W  p r e t r e a t m e n t  r e q u i r e m e n t s .  D i s c h a r g e  t o  

t h e  C i t y  s e w e r  w a s  d i s m i s s e d  ( a l t h o u g h  t h e  P O T W  h a s  c a p a c i t y )  

b e c a u s e  t h e  C i t y  w a n t e d  t o  l i m i t  F H C  s i t e  d i s c h a r g e  t o  a b o u t  1 0 0  

g p m  d u e  t o  l o c a l  c o l l e c t i o n  s y s t e m  p r o b l e m s .  I n v e s t i g a t i o n  o f  

d i s c h a r g e  t o  t h e  C o l u m b i a  R i v e r  r e v e a l e d  t h e s e  o p t i o n s :  

.  C o n s t r u c t i o n  o f  a  1 5 - i n c h  g r a v i t y  s e w e r  t o  t h e  r i v e r .  

.  C o n s t r u c t i o n  o f  a  1 5 - i n c h  g r a v i t y  s e w e r  t o  a  d r a i n a g e  d i t c h .  

.  C o n n e c t i o n  t o  a  n e a r b y  ( 1 5 0 0 ' )  s t o r m  s e w e r .  
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T h e  d i s c h a r g e  o p t i o n  c o n s i d e r e d  i n  t h e  c o s t  e s t i m a t e  w a s  f o r  a  n e w  

d i s c h a r g e  t o  t h e  C o l u m b i a  R i v e r .  T h e  C i t y ' s  w i l l i n g n e s s  t o  a l l o w  

d i s c h a r g e  t o  e i t h e r  t h e  d r a i n a g e  d i t c h  o r  t h e  s t o r m  s e w e r  w a s  

u n c e r t a i n .  T h e s e  o p t i o n s  s h o u l d  b e  i n v e s t i g a t e d  f u r t h e r .  T h e s e  

l a t t e r  t w o  o p t i o n s  h a v e  t h e  a d v a n t a g e  o f  r e d u c i n g  c o n s t r u c t i o n  

c o s t s  a n d  e a s i n g  t h e  p e r m i t  p r o c e s s .  D u r i n g  t h e  d e s i g n  p h a s e  

c o n s i d e r a t i o n  o f  t h e s e  a l t e r n a t e  d i s c h a r g e  o p t i o n s  s h o u l d  c o n t i n u e  

t o  b e  i n v e s t i g a t e d .  
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TABK 6  1 
SUMMARY Of OCIAIUO EVA1UAIJOM Of REMtDIAl ALIfRNAIIVES 

AlI t  RNAIIv£ 
COST (11,000) ( I)  

CAPIIAl 101AL ICC 
PUBLIC HE Al IH 
RfOUIRfHfHIS 

(NVIRONMENIAL 
IMPACTS 

NA No Action 30.7 238.7 

SO Surface Soi l  Remove 
and Dispose 

Structure Cleaning 

RII Surface and Sub 
& surface Soi l  R/l /R 

RT1A Demolish Structure 
G.W R/T/R 

416.8 630.8 

(RIIA Costs) 

RT2 Surface and Sub-
A surface Soi l  R/T/R 

RT2A Demolish Structure 
G.W R/l /O 

(RT2A Costs) 

RD1 Surface and Sub
surface Soi l  R&D 

Demolish Structure 
G.W. R/l /R 

RD2 Surface and Sub
surface Soi l  R/D 

Demolish Structure 
G.W. R/T/D 

SS Surface and Sub 
surface Soi l  

Chromium Source 

Stabi l tzat ion 

Structure Demoli t ion 

13.734 5 

10.628.6 

13.924.4 

11.018 3 

11,584 9 

19.982.5 

IS.224.3 

20.172.4 

15.160.3 

15,820 9 

11.650 3 15.686.3 

1.603 9 2,031.9 

Unacceptable exposure 
to surface soi l  
contamination under 
changed use. 
(Recreatlonal/ResIdent ial)  

Subsurface soi l  and 
groundwater plume remain. 

Inst i tut ional controls 
Indefini te. 

Complies with P.M. reports 

Groundwater plume control led 
Complies with PH. require

ments 
Addresses future land use 

requirements 

Groundwater plume control led 
Complies with P .M. require

ments 
Addresses future land use 

requirements 

Groundwater plume control led 
Complies with P.M. require 

ments 
Addresses future land use 

requirements 

Groundwater plume control led 
Complies with P.M. require

ments 
Addresses future land use 

requirements 

Chromium source stabi l ized 
Airborne pathway el iminated 
Inst i tut ional controls on 

groundwater use required 
unti l  natural f lushing 

Groundwater plume con 
trol led 

Columbia River water 
qual i ty to be addressed. 

Chromium soi l  source 
el iminated 

Groundwater plume remains 

unti l  actual f lushing 
Soi l  stabi l ized rather 

than disposed 

TECHNICAL 
FEASIBILITY 

Continued contamination of 
al l  soi ls and migrat ion 
of ground water plume for 
long period of t ime 
I«100 years). 

Subsoi l  source st i l l  
remains. 

Groundwater plume wi l l  
remain and migrate for 
long period of t ime 
(•100 years). 

Groundwater plu 
trol led 

Groundwater plume con
trol led 

Columbia River water 
qual i ty to be addressed. 

Groundwater plume co 
trol led 

Stabi l izat ion unproven 
technology; ground and 
pi lot test ing required 

INSTITUTIONAL 
REQUIREMENTS OTHER 

Readily implemented 
Remedial act ions complete 

in 3 months 
Remedial act ion tempo

rari ly disrupts exist ing 
si te use 

Clay soi l  treatment 
technology improven 

Potential  plugging of 
recharge wells 

Water qual i ty control for 
recharge. 

Pi lot plant needed. 

Clay sol i  treatment 
technology Improven 

Pi lot plant needed. 

long-term maintenance of 
on-site landfi l l .  

Water qual i ty control for 
recharge. 

Potential  plugging of 
recharge wells 

long term maintenance of 
on si te landfi l l  

( I)  ICC l i fe Cycle Cost or present worth of c ipl t i l .  operator, and naintenance costs 

.  Air qual i ty standards met 
Groundwater dr inking and 

ambient standards not met; 
however, no threat to exist ing 
or future drinking water 
suppl ies 

.  Heavy rel iance for future 
protect ion of publ ic health 

.  Air qual i ty standards met 
Groundwater standards not met 

.  Addresses surface soi l  and 
surface water contaminants 

Restr ict ion on land use and 
water supply 

Heavy rel iance for future 
protect ion of publ ic health 

.  Air qual i ty standards met 

.  Groundwater ARARs not met 
In short term 

.  Addresses surface soi l  and 
surface water 

Restr ict ion on water supply 
.  Long term inst i tut ional controls 

.  Air qual i ty standards met 

.  Groundwater ARARs not met 
in short term 

.  Addresses surface soi l  and 
surface water 

.  Restr ict ion on water supply 

NPOES permit required. 
Compliance with Shorel ine 

Management Act 
Long term inst i tut ional 

controls required 

Air qual i ty standards met 
Groundwater ARARs not met 

in short term 
Addresses surface sol) and 

surface water contaminants 
Restr ict ion on land use 
Restr ict ion on water supply 
long term inst i tut ional 

controls required 

Air qual i ty standards met 
Groundwater ARARs not met 

In short term 
Addresses surface sol i  and 

surface water contaminants 
Restr ict ion on land use 
Restr ict ion on water supply 
NPDES permit required. 
Compliance with Shorel ine 

Management Act 
long term inst i tut ional 

controls required 

A i r  qua l i t y  s tandards  met  
Groundwater  s tandards  no t  met  
So i l  contaminat ion  cont ro l led  

Off-si te property easements/ 
purchases needed for recharge 
wells 

Site unusable for 2 years 
Dislocation of exist ing business 
Easements permits needed for 

location and construct ion 
of discharge l ines 

Dislocation of exist ing business 
Off-si te property easements/ 

purchases needed for recharge 
wel Is 

Dislocation of exist ing business 
Easements/permits needed for 

location and construct ion of 
discharge l ine 




